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THE PROGRAM OF THE COUNCIL ON FOODS AND NUTRITION 
OF THE AMERICAN MEDICAL ASSOCIATION 


Foods 
the American Medical 
has recently been revised. 
(J. Am. Med. Assn. 158, 1172 (1955); Ibid. 
159, 779 (1955)). The principal change, 
other than the termination of the well known 
“Seal of Acceptance Program,’’ has been a 


The program of the Council on 
and Nutrition of 


Association 


reinforcement of activities in nutrition edu- 
cation. The Council has planned a program 
that will emphasize more emphatically the 
importance of nutrition in the practice of 
medicine. The Council recognizes that much 
needs to be done to promote the teaching 
of nutrition in medical schools. At the same 
time, the latest developments in clinical 
and experimental nutrition must be re- 
viewed for the busy practitioner. A large 
number of the diseases prevalent in the 
United States cirrhosis, 
coronary artery disease, and obesity, are 


today, such as 
directly or indirectly associated with dietary 
habits and nutritional status. The Council 
has an obligation to the physician to equip 
him with information that will help. him 
cope with these nutritional problems. Thus, 
the American Medical Association, through 
the Council, has undertaken the more active 
program outlined here. 

Two of the most significant activities of 
the Council’s education program are the 
sponsorship of nutrition symposia and the 
presentation of special articles in the Coun- 
cil columns of the Journal of the American 
Medical Association. The annual fall sym- 
posia are developed around current or con- 
troversial topics in human nutrition. They 
are conducted in cooperation with a host 
university and local medical societies, and 
are open to all interested in attending. The 
symposia, at which prominent scientists are 
invited to present and discuss information 
of value to the medical practice, serve as a 
stimulus to the medical and allied profes- 
sions. Through news releases they attune the 
public to the advances in our knowledge of 


nutrition. The papers presented at these 
symposia are subsequently published in the 
J.A.M.A. and are also made 4vailable in 
monograph form. Therein are found reviews 
of associated topics that provide medical 
libraries, schools of medicine, and practicing 
physicians with topical, informative refer- 
ence material. The fourth symposium deal- 
ing with the topic ot nutrition in pregnancy 
was held this past fall at the University of 
Missouri Medical Center. The first three 
symposia, individually concerned with trace 
minerals, proteins and amino acids, and fats 
and atherosclerosis, have been published 


“(D. C. Darrow, J. Am. Med. Assn. 162, 1310 


(1956); C. V. Moore and R. Dubach, [bid. 
162, 197 (1956); B. L. Vallee, Jbid. 162, 
1053 (1956): C. J. Gubler, Jbid. 161, 530 
(1956); FE. B. Flink, /bid. 160, 1406 (1956); 
ik. S. Nasset, Ibid. 164, 172 (1957); J. B. 
Allison, Jbid. 164, 283 (1957); O. A. Bessey, 
Ibid. 164, 1224 (1957); R. E. Olson, Ibid. 
164, 1759 (1957); E. L. Pratt, Jbid. 164, 
108 (1957); N. S. Scrimshaw, Jbid. 164, 
555 (1957): FE. H. Ahrens, et. al., Ibid. 164, 
1905 (1957); A. Keys, Ibid. 164, 1912 (1957); 
W. S. Hartroft and W. A. Thomas, Jbid. 
164, 1899 (1957); L. E. Holt, Jr., Ibid. 
164, 1890 (1957); F. J. Stare, T. B. Van 
Itallie, M. B. MeCann, O. W. 
Ibid. 164, 1920 (1957); D. 
Ibid. 164, 1895 (1957)). 
The education program has been broad- 


Portman, 
S. Fredrickson, 


ened further through an increasing number 
of publications of the Council. Request 
articles and editorials in the J.A.M.A. and 
monographs stimulate the exchange of ideas 
and procedures. Principally they serve to 
review and interpret research studies that 
will be of value to the profession. The articles 
are prepared by invitation from the Council 
and are reviewed by the entire Council prior 
to publication. At the present time, the 
Nutrition Foundation, Inc., is cooperating 
in the sponsorship of a series of short in- 
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formative articles on therapeutic nutrition. 
This series, which will later be compiled 
into a monograph, includes a dozen articles 
that cover such areas as “The Role of Diet 
in the Management of a Patient with Peptic 
Ulcer,” “Calcium and Phosphorus in the 
Diet,” and “The Regular Hospital Diet.” 

The Council column in the Journal is also 
used to combat misinformation; to point 
out dietary practices that may be prejudicial 
to the maintenance of good health. The 
Council is constantly alert to the need for 
scientific and medical accuracy in reports 
made to both the laity and the profession. 
In editorials, commentaries, and statements 
made through the Journal, the Council 
discourages food fads, fallacies, and incorrect 
interpretations of the treatment of disease. 

The annual meeting of the American 
Medical Association this year saw the com- 
mencement of another Council activity, a 
question and answer symposium held in 
cooperation with the Nutrition Foundation, 
Inc. The general theme of this week-long 
symposium will be some phase of clinical 
nutrition. This past year the symposium 
was centered around the theme ‘Diet as a 
Preventive and Therapeutic Tool for the 
Doctor.” Each day was devoted to a differ- 
ent aspect of diet therapy (e.g., “Diet and 
Cardiovascular Disease’). At these sym- 
posia, the attending physician is given an 
opportunity to ask questions pertinent to 
his practice and to discuss general topics 
with recognized authorities. 

In connection with A.M.A. meetings, 
and conventions and meetings of the allied 
professions, the Council is undergoing an 
expansion of its exhibits program. Since 
visual interpretation is an invaluable edu- 
cational tool in obtaining maximum under- 
standing of a subject, the Council plaris to 
widen the scope of subjects covered and to 
make the exhibits accessible to a greater 
number of people. 

Although the revision of the program 
eliminated the “Seal of Acceptance Pro- 
gram,” the Council retained its active in- 
terest in the production, labeling, and proper 
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promotion of food. The experience of the 
Council in this field has been summarized 
in a booklet recently published under the 
title “Statements and Decisions of the Coun- 
cil on Foods and Nutrition of the American 
Medical Association.”” This booklet deals, 
for example, with special purpose foods, the 
proper use of terms and claims in advertising, 
and the labeling of foods. To promote public 
health, the Council has passed decisions on 
the fortification of foods, the vitamin con- 
tent of prepared fruit juices, iodized salt, 
and other food items. These statements and 
decisions of the Council serve as a basis 
for the review of educational advertisements 
and other education materials. These, as 
well as promotional material of similar 
nature prepared by non-profit trade or pro- 
fessional organizations, are reviewed on 
request for medical and scientific accuracy. 
In one year the Council reviews approxi- 
mately 100 educational advertisements, 
most of which are used in medical journals. 

The Council has a broad interest in many 
types of programs and works in cooperation 
with a number of national agencies. The 
Joseph Goldberger Award in Clinical Nu- 
trition, awarded last year to Dr. Paul 
Gyorgy, is presented annually by the A.M.A. 
Board of Trustees in cooperation with The 
Nutrition Foundation and the Council on 
Foods and Nutrition. Research programs 
into the nutritive value of low sodium fluid 
milks, and a cooperative program with the 
Vanderbilt University School of Medicine, 
investigating the folic acid and pyridoxine 
content of dietaries, are examples of recent 
programs of the Council. 

The 11 members of the Council, who may 
serve two five-year periods, are selected 
because of their knowledge of nutrition, food 
composition, and health. They serve with- 
out remuneration. The Council’s work is a 
reminder of the deep concern of the physi- 
cian for the nutritional needs of the people. 

Putuie L. Wuarre, D.Sc. Secretary of 
the Council on Foods & Nutrition, The 
American Medical Association. Chi- 
cago, Illinois 
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FOOD PATTERNS OF INFANTS 


One of the prominent changes in the food 
patterns of infants during the past decade 
has been a trend toward the introduction 
of solid foods into the dietary at increasingly 
earlier ages. Documentation of this trend has 
been presented in the data collected at the 
Child Research Council of the University of 
Colorado by V. A. Beal (Pediatrics 20, 448 
(1957)). 1946 through 
1955, 57 children were enrolled in a longi- 


During the years 


tudinal growth study. Nutrition histories 
were taken at monthly intervals during the 
first six months of life and subsequently at 
intervals of three months. These nutrition 
histories under ideal con- 
ditions. The infants were under the care of 


were obtained 
pediatricians not actively participating in 
the growth study, and no dietary advice 
was offered by the nutritionist. The ages of 
introduction and acceptance of various in- 
fant foods were recorded. The nutrient in- 
take was calculated 
value tables. 


from standard food- 

The average age of introduction of foods 
other than milk into the diet in 1946 varied 
from two months for cereal to eight months 
for meat. The availability of pureed and 
specially prepared infant foods has increased 
since that time. In 1955, both cereal and 
fruit were being offered at the age of one 
month, with the introduction of vegetables, 
meat-soup, and meat by the age of four 
and one half months. A similar trend was 
noted for egg yolk during the last half of the 
study. The age of introduction of orange 
juice into the diet varied between three and 
eight months with a slight tendency toward 
later introduction in the last few years with 
increasing dependence on vitamin prepara- 
tions as a source of ascorbic acid. 

The acceptance of this trend by the in- 
fants was also analyzed. In 1946, solid foods 
were usually accepted when offered. In- 
creasing difficulty in the feeding of solid 
foods during the early months of life was 
recorded after 1948. The most common 
picture was resistance to solid foods with 


crying or fussing until acceptance readily 
occurred between the ages of four and six 
months. A less frequent pattern was the 
acceptance of solid foods for a month or 
two followed by a period of refusal. In spite 
of the fact that solid foods were being intro- 
duced at earlier ages, the average age of 
acceptance of cereal, vegetables, and meat- 
vegetable soups had not changed appreciably 
during this ten-year period. The acceptance 
of fruit had been accelerated, but not as 
rapidly as its introduction into the diet. 
Meat was accepted early with its earlier 
introduction, reaching a plateau at between 
five and one half and six months. The aver- 
age child in this group did not willingly 
accept any solid food before the age of two 
months. 

The age of transition from strained or 
chopped foods to the family’s dietary de- 
creased even more rapidly. In 1946 this 
transition occurred between the ages of 21 
and 25 months. By 1955, the average child 
in this study changed to the family diet 
by the age of 13 months. 

Although this group of infants is small in 
number, longitudinal studies which make 
possible the delineation of individual and 
group patterns have particular value. The 
dietary habits of this group of infants are 
representative of only a small part of the 
population of the country, but they are a 
group drawn from families of better than 
average economic status who received care- 
ful pediatric care. Their nutrient intakes 
may be considered as an example of the 
diets of such a group. 

The iron intake of these infants was largely 
derived from iron-fortified infant cereals 
during the first 18 months of life. The me- 


dian intake at one year was 10 mg. per day 
(maximum 24 mg. per day). Half of this 
iron was obtained from the cereal. The iron 
intake from other foods increased to a me- 
dian value between 5 and 6 mg. per day at 
18 months, and then remained essentially 
unchanged through the age of five years 
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No significant correlation with the hemo- 
grams of these infants was noted. These 
data emphasize the large amounts of iron 
which can be ingested by infants fed large 
amounts of fortified infant cereals. 

The intake of calories rose rapidly during 
the first year and then less rapidly until the 
age of four years, when another increase 
occurred. In spite of the marked decrease 
in appetite which was found during the pre- 
school years, the caloric intake did not de- 
crease. Its small due to a 
greater ingestion of carbohydrate and fat 


increase Was 
since there was a plateau in the median 
protein intake of the group. Most individual 
infants 
protein intake. 

Calcium intakes showed a rapid drop 
from the peak reached at about the age of 


showed a temporary decrease in 
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six months. This was due almost entirely 


to a reduction in milk which fell 


from a median value of 26 ounces of whole 
milk at six months to 


intake, 
a low of 16 ounces 
daily between two and three years of age. 
Only one child in this series did not have a 
decrease in milk intake during the preschool 
period. The growth patterns of these children 
were satisfactory. The curve of calcium in- 
take conformed to the theoretical curve for 
calcium 


requirements proposed by G. 


Handbook No. 46 


Stearns 
(1952)). 


(Agriculture 


Careful dietary studies such as these con- 
much pertinent to the 
nutritional requirements of children. The 


tain information 
ultimate success of any prescribed feeding 
regimen depends upon its acceptance by the 
individual consumers. 


DIETARY FAT AND PLASMA CHOLESTEROL 


The results of an investigation concerning 
the nature of the substances in dietary fat 
which affect the level of plasma cholesterol 
in human beings have been reported by 
J. M. R. Beveridge, W. F. Connell and G. A. 
Mayer (Canad. J. Biochem. Physiol. 35, 
257 (1957)). This study represents an ex- 
tension of the earlier investigations of the 
group at Queen’s University, Kingston, 
Ontario concerning the effects of different 
dietary fats on the level of plasma lipids in 
humans (Nutrition Reviews 15, 39 (1957)). 
Their earlier investigations and those of 
others (loc. cit.) had shown that the inges- 
tion of well-defined diets containing certain 
fats of animal origin resulted in higher 
plasma cholesterol values than did the in- 
gestion of similar diets in which corn oil 
was substituted for the animal fats. They 
observed further that diets containing high 
levels of corn oil led to lower plasma lipid 
levels than did diets containing little or no 
fat. These observations led them to con- 
clude that corn oil contained a factor which 
brought about a lowering of the plasma 


level 


fats contained a 


and that certain animal 
factor which caused an 
elevation in the level of plasma cholesterol. 

In an effort to extend these observations, 
Beveridge, ef al., performed 
ments in which 100 male students 
served as subjects. The basal diet provided 


cholesterol 


three experi- 
over 


17 per cent of the calories as protein, 60 per 
cent as fat, and 23 per cent as carbohydrate. 
The fat was supplied as butterfat or corn 
oil, some of the carbohydrate was supplied 
as sucrose and the other ingredients were 
from commercial skim milk powders; iodized 
salt 
The ingredients were mixed with water and 
the 
other items permitted were water, clear tea, 


and crystalline vitamins were added. 
mixture was homogenized. The only 


or clear coffee. The majority of the subjects 
were able to maintain their body weights 
nearly constant on this regimen and adhered 
strictly to it. Blood samples for the deter- 
mination of cholesterol were taken in the 
early morning when the subjects were in 
the fasting state. 

The first experiment was designed to test 





March 1958) NUTRITION 


the effects of 8-sitosterol and a-tocopherol, 


both of which are present in corn oil, and 
both of which have been reported to in 
fluence plasma cholesterol levels (Nuérition 
Reviews 14, 39 (1956); 15, 119 (1957)). In 
this experiment 52 subjects consumed the 
basal diet which supplied 60 per cent of the 
butterfat 
divided 


the form ot for eight 
then 


which continued to receive 


calories in 
They were 
groups, ol 
the basal diet. To the diets of three of the 
other four groups were added either 10 or 


days into five 


one 


200 mg. of a-tocopherol or 7 g. of 8-sitosterol 
per 950 calories. Corn oil was substituted 
for the butterfat in the diet of the remaining 
group. After the subjects had consumed the 
basal diet for eight days their plasma cho- 
lesterol levels were about 190 mg. per cent, 
a level very little above the initial average 
value. During the succeeding eight days 
the subjects consumed the supplemented 
diets. At 
for the group consuming the basal diet and 


the end of this time the values 


for those receiving additional a-tocopherol 
remained essentially unchanged. The plasma 
cholesterol levels of the subjects receiving 
had, in 
dropped to about 145 mg. per cent, a de- 


corn oil or §-sitosterol contrast, 
crease of somewhat over 20 per cent. 

In the second experiment, 48 male vol- 
unteers ingested the basal diet for eight 
days. Then for an additional eight days, 30 
per cent of the calories were supplied from 
butterfat and 30 per cent were derived from 
one of a series of corn oil fractions prepared 
by a molecular distillation procedure. In 
this the 
values increased in all cases during the first 
eight days when 60 per cent of the calories 


experiment, plasma cholesterol 


were obtained from butterfat. During the 
next eight days, when 30 per cent of the 
calories were provided from the various corn 
oil fractions, marked decreases occurred re- 
gardless of the fraction incorporated in the 
diet. Of the four fractions tested individ- 
ually, the first fraction, which contained 
most of the unsaponifiable matter, brought 
about the greatest decrease but the effect 
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was not significantly greater than those of 
the other fractions. Also none of the frac- 
tions Was appreciably more effective than an 
equivalent amount of the original corn oil. 

In the third experiment a series of butter- 
fat 
mine whether a cholesterol-elevating factor 
could be butterfat. In 
this experiment 38 subjects ingested for eight 


fractions was tested in order to deter 


concentrated from 
days a diet similar to the basal diet, except 
that corn oil was substituted for butterfat. 
After eight days on this diet the plasma 
cholesterol values of the subjects had de- 
190 per to 
about 125 mg. per cent. For the next eight 


creased from about mg. cent 
days the subjects were divided into five 
groups and only 20 per cent of the calories 
in the diet were provided by corn oil. The 
balance of the 60 per cent from fat was from 
one of four fractions obtained by molecular 
distillation of 


nificant 


butter oil. There was a sig- 
increase in the average plasma 
cholesterol value of each group of subjects 
consuming a butterfat fraction. The greatest 
increase occurred in the group receiving the 
most volatile fraction, which contained by 
far the greatest proportion of the unsapon- 
ifiable matter. However, this increase was 
not statistically greater than those obtained 
with the other fractions. 

The authors point out that one of the 
problems in the interpretation of these re- 
sults is that in the second experiment the 
of butterfat the 
same time as the corn oil fractions were 
added, and that 
would in itself cause some lowering of the 


amount was decreased at 


the removal of butterfat 


plasma cholesterol level. The reverse of this 
occurred in the third experiment. In this 
the of 
would be expected to cause some rise in the 


case removal part of the corn oil 
cholesterol level independent of the effects 
of the butter fat This would in 
effect: narrow the range over which differ- 
to the fat could be 


studied and would minimize the significance 


fractions. 


ences due fractions 


of the differences observed. 


The evidence that the ingestion of the 
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unsaponifiable fraction of butterfat tends 
to cause an increase in the plasma cholesterol 
level, and that of corn oil to lower it, is 
therefore mainly suggestive. The observa- 
that the activity distributed 
throughout the various fractions in both 
cases further argues against 


tions was 
a major role 
for the unsaponifiable fraction. The effect 
of B-sitosterol is of interest because Pollak 
(Circulation 7, 702 (1953)) found this com- 
pound to be ineffective in subjects having 
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normal plasma cholesterol concentrations 
However, it is unlikely that the effectiveness 
of corn oil can be attributed to its content 
of 8-sitosterol in these experiments because 
one of the two most effective fractions of 
corn oil contained six times as much un- 
saponifiable matter as the other, and even 
the one containing the highest amount 
could not possibly have supplied as much 
as the 7 g. per 950 calories provided in the 
first experiment. 


METABOLISM OF FRUCTOSE IN DIABETIC ACIDOSIS 


During diabetic acidosis there is usually 
glycosuria, dehydration and decreased alkali 
reserve in the blood. Patients suffering from 
this disorder are usually under stress either 
as a result of the acidosis alone or because 
of trauma or an infection which had _pre- 
cipitated the acidosis. It has been noted 
earlier in Nutrition Reviews (13, 23 (1955)) 
that fructose can be utilized in the diabetic 
individual without insulin. Also, the post- 
traumatized patient (post-operative) can 
tolerate fructose much better than he can 
tolerate intravenously administered glucose. 
For these reasons it appeared that fructose 
might have at least a theoretical advantage 
as the carbohydrate to be used in treating 
diabetic acidosis, though some investigators 
believed that it might be contraindicated 
because of the increased levels of pyruvic 
and lactic acids found in the blood following 
fructose administration 

Recently, M. Miller, J. W. Craig, W. R. 
Drucker, and H. Woodward, Jr. (Yale J 
Biol. Med. 29, 336 (1956)) have reported 
well controlled studies of the effect of glucose 
and fructose administration in a patient 
who went into diabetic keto-acidosis three 
times. For this work, a human volunteer 
with labile diabetes was allowed to develop 
experimental acidosis on three separate 
occasions by withholding insulin. In this 
individual, diabetic acidosis occurred 40 to 
50 hours after the last dose of regular insulin. 


During the three episodes of experimentally 
induced diabetic acidosis the patient was 
treated for the first six hours by either re- 
ceiving 175 g. of fructose, 175 g. of glucose, 
all. During each 
episode the patient received 350 units of 
insulin, between 3250 and 3300 ml. of fluid, 
and 475 to 482 mEq of sodium chloride. 
Thus the insulin, fluid, and electrolyte in- 


or no carbohydrate at 


takes that this patient received during each 
of the three studies were comparable. During 
the development of the diabetic acidosis and 
just before the treatment began, in each 
instance, the patient had blood sugars levels 
above 450 mg. per 100 ml. and serum acetone 
levels ranging between 42 and 64 mg. per 
100 ml. Carbon dioxide combining power of 
the plasma during these three episodes 
ranged between 33 and 42 volume per cent. 
With the development of the diabetic acid- 
osis the patient was given 100 units of 
insulin initially, and subsequently 50 units 
each hour, receiving a total of 350 units in 
the six hour period. During the first study 
75 g. of fructose were given intravenously 
as 2 10 per cent solution during the first 
hour and thereafter 20 g. each hour for a 
six hour total of 175 g. For the second study, 
glucose was given at a similar rate. During 
the third study, 0.9 per cent sodium chloride 
alone was used and no carbohydrate was 
administered. 

The carbohydrate balances (intake plus 
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that accounted for by the decrease in blood 


sugar and glyconeogenesis from protein 
minus excreted carbohydrate) for the first 
six hours after the beginning of therapy 
were as follows: 


165 g. 


a net positive balance of 
occurred after the fructose adminis- 
tration, and the net balance of 124 g. oc- 
curred after dextrose therapy. When no 
carbohydrate was given, the total amount 
of sugar either stored or utilized was only 
18 g. Less than 7 g. of fructose were lost 
in the urine after the intravenous adminis- 
tration of this substance. 

The six hour urinary losses of sodium and 
potassium following the administration of 
fructose, glucose or no carbohydrate were 
all of the same magnitude (sodium 40, 36 
and 43 mEq) respectively, and the six hour 
urinary potassium losses were 21, 18 and 20 
mq for the same therapeutic sequences. 
It should be noted that no potassium was 
given in any of the trials. From the serum 
potassium levels there was some evidence 
that following fructose administration there 
was a greater transfer of potassium into the 
cells than occurred following the adminis- 
tration of saline or glucose. The data ob- 
tained from this one patient receiving three 
different therapeutic regimens are believed 


to show that the use of fructose actually 


increases the rate of recovery from diabetic 
acidosis as noted by increases in the carbon 
dioxide combining power of the plasma. 
When fructose was given, increases in the 
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carbon dioxide combining power of 22 vol- 
ume per cent occurred as compared to 17 
when only glucose, or no carbohydrate, was 
given. More data will have to be gathered 
to decide this point finally, since these 
differences are small. 

These investigators have used the same 
plan of study using cases of clinical diabetic 
acidosis admitted to the hospital during a 
period of 13 years. Only those individuals 
admitted with diabetic acidosis without 
known complicating factors were included 
in this series. Seven patients were treated 
without 
with 
glucose. In 


carbohydrates, five were treated 
and 16 
the first those who 
received no carbohydrates utilized 18 g. of 


treated with 


six hours 


fructose, were 


sugar, those receiving glucose utilized 63 g., 
and those receiving fructose 147 g. At the 
same time the average blood ketone values 
fell 5.8 mg. per 100 ml. per hour for those 
who were getting no carbohydrate, 6.6 for 
those who received glucose, and 6.9 for those 
who received fructose. Thus, it appears that 
results obtained from the treatment of 
clinical diabetic acidosis are similar to those 
found in the experimentally induced dis 
order. Significant advantages occur with 
fructose therapy, other factors being equal, 
if one uses as indices carbohydrate and water 
balance. The administration of either sugar 
blood ketone levels 
which is more rapid than if electrolyte solu- 


causes a decrease in 


tions alone are given 


ELECTROLYTE LEVELS IN DYSTROPHIC MUSCLES 


In animals which had experimentally in- 
duced muscular dystrophies, W. O. Fenn 
and M. Goettsch (7. Biol. Chem. 120, 41 
(1937)) noted that the muscle sodium con- 
tent was high and the potassium level was 
low. More recently W. H. Bland, F. Kk. 
Bauer, R. L. Libbey, and A. 8. Rose (Veurol- 
ogy 3, 604 (1953)) found that the total body 
exchangeable potassium, as determined by 
use of radioactive potassium, was low in pa- 


tients with muscular dystrophy as compared 
to normal individuals. This true not 
only in advanced cases of the disease, but also 


was 


was noted in instances where, clinically, the 
damage was only slight. 

Recently, J. D. Williams, B. M. Ansell, 
L. Reiffel, C. A. Stone and R. M. Kark (Lan 
cel II, 464 (1957)) have studied the sodium, 
potassium and phosphorus content of muscle 
biopsies obtained from six patients who did 





not show evidence of muscular dystrophy on 
either a clinical or histological basis. These 
individuals were hospitalized mainly because 
of malignancies and could not, therefore, be 
called normal individuals. A second group of 
patients had well documented histories of 
progressive muscular dystrophy and a third 
group of patients consisted of seven indi- 
viduals who were chosen as single examples 
of the following muscular disorders: thyro- 
toxic myopathy, mytonia congenita, dys- 
trophia myotonica, polyneuritis associated 
with non-tropical sprue, poliomyelitis, my- 
opathy of undetermined nature, and chronic 
polymyositis. 

These investigators determined the so- 
dium, potassium and phosphorus content of 
muscle biopsies using the technique of neu- 
tron activation. This was accomplished by 
irradiating carefully dried biopsy samples in 
graphite containers with slow neutrons. The 
sodium, potassium and phosphorus in the 
tissue samples thus were rendered radioac- 
tive. The activity which would arise from 
the radioisotopic calcium, magnesium, iron 
and chloride present in these small muscle 
samples was insufficient for either the esti- 
mation of these substances, or for causing 
interference with the other determinations. 
The radioactive potassium produced under- 
goes decay by emitting beta particles of high 
energy content. 

Thus, by measuring only beta particles 
whose energy is greater than 1.7 Mev., one 
‘an estimate the potassium content of these 
tissues. Similarly, by counting the 2.75 Mev. 
gamma emission, it is possible to evaluate 
the sodium content of the biopsy sample. 
Radioactive phosphorus has a physical half- 
life of 14.3 days in comparison to the half- 
lives of 12.5 and 15 hours for the radioactive 
sodium and potassium, respectively. There- 
fore, by waiting about eight days before 
doing the radioactive assay, the activity due 
to potassium and sodium will have disap- 
peared for all practical purposes and the only 
residual radioactivity will be that due to the 
phosphorus content. 
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All biopsy samples were taken under local 
anesthesia from the deltoid or gastrocnemius 
muscles. After freeing the biopsy samples 
from gross fat and fibrous tissue, it was di- 
vided into three parts; one was dried for 
neutron activation analysis, the second por- 
tion was stored in the frozen state for non- 
collagen nitrogen determination, and the 
third part was prepared and stained in the 
usual manner for histological examination. 
Non-collagen nitrogen was used as an index 
of the protoplasmic cell mass and attempts 
were made to correlate the sodium, potas- 
sium and phosphorus content of the muscle 
samples with this index of the active cell 
mass. 

The sodium, potassium and phosphorus 
contents of the muscles of the three groups 
of patients were determined and expressed 
both on a dry weight basis and as mEq per g. 
of non-collagen nitrogen. Since the varia- 


tions from sample to sample within a single 
group were so large on a dry weight basis, 
the mean values were only calculated per 


unit of non-collagen nitrogen. In the group 
of patients who did not have muscular diffi- 
culties, the average non-collagen nitrogen 
level was 3.5 + 0.93 g. (+ standard error) 
per 100 g. of wet weight of tissue. The so- 
dium, potassium and phosphorus levels of 
tissue derived from this group of patients 
were 1.30 + 0.13, 4.27 + 0.13 and 4.03 + 
0.35 mEq per gram of non-collagen nitrogen, 
respectively. The ten patients with progres- 
sive muscular dystrophy had an average non- 
collagen nitrogen level in their muscles of 
2.30 + 044 g. per 100 g. of wet weight of 
tissue. The levels of sodium and potassium 
calculated as mEq per gram of non-collagen 
nitrogen were 3.43 + 0.79 and 2.27 + 0.53, 
respectively. These values were statistically 
different from those obtained from the pa- 
tients without clinical signs of muscular de- 
rangements (P > 0.001). The average phos- 
phorus content of muscle obtained from 
these patients expressed the same way was 
3.04 + 0.22, and this mean value was not 
statistically different from the value found 
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in the muscle of patients without muscular 
difficulties. 

The third group (seven patients) which 
miscellaneous muscular 


showed types of 


disorders mean non-collagen 


nitrogen level of 5.71 + 1.59 g. per 100 g. of 


presented a 


wet weight of muscle. The sodium, potassium 
and phosphorus contents of the muscle de- 
rived from this group of patients were 3.72 + 
1.59, 3.90 + 1.01 and 5.61 + 2.06 mEq per 
g. of non-collagen nitrogen. With the wide 
scatter of individual values, none of the av- 
erages in this group was statistically differ- 
ent from those found in the first group of 
patients who did not have muscular dis- 
orders. 

Attempts were made to correlate the po- 
tassium levels of the muscle sample with the 
histological appearance and the clinical im- 
pression of the severity of the disease. How- 
ever, in general the correlations found were 
not good, although in two cases of patients 
with progressive muscular dystrophy there 
appeared to be a rather good relationship 
between the clinical and histological severi- 
ties and the level of potassium in the biopsy 
sample. The importance of potassium in the 
metabolism of muscle has been stressed for 
many years. One group of investigators be- 
lieved that potassium is necessary for the 
adequate synthesis of muscle protein, and 
another group believed that a decrease in 
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potassium levels of tissue is indicative of 
the disintegration of the muscle protoplasm. 
A question arises. In patients with muscular 
dystrophy, is the primary defect one of po- 
tassium metabolism, and hence an inade- 
quate synthesis of protein occurs, or is there 
primarily a derangement of protein metabo- 
lism which allows the potassium to leak out 
of the cell? These investigators believe that 
the damage of the cell is the primary defect 
with the leaking of potassium secondary, for 
the following reasons. Both the serum po- 
tassium levels in these patients and the his- 
tological changes which occur in muscles do 
not appear to be compatible with those 
which one might expect in a primary potas- 
sium deficit. They believe that there is a 
distortion of the normal architectural pat- 
tern of the proteins in the muscle membrane 
which allows the potassium to diffuse out 
of the cell and sodium to diffuse in. 

These investigators have applied a new 
technique which is little used in biochemical 
and physiological investigations to study a 
problem of some clinical importance. It 
should be noted that the employment of 
more orthodox techniques (Flame Photome- 
try) could also have produced equivalent 
results. Further investigations, perhaps on 
the cellular level, would be needed before 
the ultimate cause of the deterioration of 
muscle in 
mined. 


these conditions can be deter- 


PLASMA AMINO ACIDS IN LIVER DISEASE 


Although it has been known since the first 
days of cellular pathology that leucine and 


tyrosine crystals precipitate in the tissues 
and urine of patients with acute liver necro- 


sis, the changes in plasma levels in hepatic 


disease have been incompletely defined. 
These are of more interest than the urinary 
excretion patterns, for they are, so to speak, 
closer to the source of the trouble. However, 
large increases in plasma amino acid levels 


may not exist when renal function is normal. 


Urinary excretion studies have been made 
(Nutrition Reviews 11, 223 (1953)) for this 
reason. The situation is complicated by the 
fact that renal function may be greatly de- 
pressed in liver disease; severe oliguria or 
anuria are common terminally in severely 
jaundiced individuals. Moreover, many of 
the aminoacidurias of man which have asso- 
ciated liver disease prove to be derangements 
of renal tubular function (/btd. Feb. (1958)) 
rather than consequences of aminoacidemia. 
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The endocrine regulation of plasma amino 


acids has been reviewed (Nutrition Reviews 
13, 83 (1955)), and a number of factors af- 
fecting their concentration (dietary intake, 


intestinal absorption, deamination, trans- 
amination and decarboxylation, excretion 
and reabsorption by the kidney, and trans- 
sapillary and transcellular exchange) have 
been discussed. The predominantly catabolic 
events in postoperative surgical patients 
during this period of stress and malnourish- 
ment produce changes in plasma and urinary 
amino acids, which have also been reviewed 
in this journal (bid. 10, 99 (1952)) 

I’. L. Iber, H. Rosen, 8S. M. Levenson and 
T. C. Chalmers (J. Lab. Clin. Med. 60, 417 
(1957)) studied the individual plasma amino 
acids in two normal males (aged 21 and 26, 
respectively), and seven patients with liver 
disease classified as follows: mild cirrhosis 
and toxic hepatitis (case 3, a 51-year-old 
male); Wilson’s disease with cirrhosis, severe 
(case 4, a 17-year-old female); cirrhosis, 
severe (case 5, a 62-year-old male, case 6, a 
44-year-old male, and case 7, a 46-year-old 
male); nonalcoholic cirrhosis, severe (case 8, 
a 52-year-old male) and Wilson’s disease 
with cirrhosis, mild (case 9, a 12-year-old 
male). Five patients were in hepatic coma, 
all patients died within 15 days, and the 
effect of intravenous sodium glutamate was 
studied in several. Plasma was deprotein- 
ized by ultrafiltration, chromatography was 
performed on columns of Dowex 50 resin, 
and the amino acids were determined on the 
eluate by a ninhydrin photometric method. 
Glutamine was separately determined by 
enzyme hydrolysis. 

Many of the determinations were per- 
formed after a glucose infusion, and this may 
account for the fact that the two normal 
subjects had amino acid levels lower than 
the author’s normal standard (based on 17 
individuals). At least one patient (case 6) 
in light hepatic coma had a markedly de- 
creased total plasma amino acid level (to one 
third or one quarter of normal) with reduc- 
tion in many individual amino acids, 
including methionine. Striking changes oc- 
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curred in a number of amino acids in par- 
ticular cases, but it is difficult to generalize 
from these with such a variety of clinical 
situations. Thus the factors probably, or 
possibly, different 
cases were para-amino salicylic acid, para- 


precipitating coma in 
centesis, hemorrhage (two cases), paralde- 
hyde, and intravenous protein hydrolysate. 
Amino acid determinations were made in 
four cases (4, 5, 7 and 8) in severe hepatic 
coma. All showed increased !evels of plasma 
methionine (two to twentyfold) and tyro- 
fivefold). Three of the four 
showed increased levels of phenylalanine 
(two to fivefold) and threonine 
one half to sevenfold). 


sine (two to 


(one and 


At the end of an intravenous infusion ot 
glutamate, very high plasma levels of this 
amino acid were found, falling rapidly to 
one third of the maximal value in 15 min- 
utes in one normal subject and reaching 
normal within two hours in the other. The 
authors report that certain other amino acids 
also increased, including the glutamine-as 
paragine-serine group (not separable by the 
method used). However, the latter group 
was not above the range established by the 
17 normal individuals of Iber and co-work- 
ers. Of the comatose patients, case 5 showed 
a glutamate rise from 152 to 957 micromoles 
per liter (normal 138 + 80), case 6 showed a 
rise from 17 to 3730, and case 8 showed a 
rise only from 157 to 191. Total plasma 
amino acids increased during glutamate in- 
fusion twofold in case 5, eightfold in case 6 
and insignificantly in case 8. All three showed 
a 50 to 350 per cent increase in alanine over 
control levels. The glutamine-asparagine- 
serine group increased from 470 micromoles 
per liter to 1030 in case 5 (normal 498 + 60), 
fell from 144 to 85 in case 6 and rose from 
120 to 600 in case 8. Other changes are de- 
tailed in the paper. The value was 920 micro- 
moles per liter in case 4 during “‘precoma,” 
increasing to 2550 in coma; the effect of 
glutamate was not studied in this case. 

Among the many single observations re- 
corded, Iber and his colleagues consider the 
rise in methionine and in tyrosine the most 
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persistent of the individual amino acid 
changes observed. They review the work of 
others establishing an increase in plasma of 
one or more of the amino acids methionine, 
glutamine and tyrosine in liver disease. In- 
creased plasma levels of methionine, tyro- 
sine, glutamic acid, glutamine and cystine 
have been reported in hepatic coma. The 
observations of various authors are difficult 
to reconcile in the present state of our know]- 
edge. Thus it is not clear why plasma methi- 
onine should be depressed in the patients 
with milder liver failure, yet 
made the 


co-workers indicate. 


others have 
same observation, as Iber and 

Of the several possible sources of the in- 
crease in plasma amino acids, the authors 
point out that dissolution of necrotic liver 
tissue would yield a distribution pattern 
different from that found. They favor in- 
creased release from muscle protein and de- 
creased utilization by the liver as the prin 
cipal sources of the amino acids. 

The disproportionate rise in plasma ala- 
nine after glutamate infusion in the three 
patients with hepatic coma was associated 
with an increase in alpha-ketoglutarate in 
each case. Iber and his colleagues attribute 
this to the 


molecule of glutamic and one of pyruvie acid 


transamination reaction, one 
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forming one each of alanine and alpha-keto- 


glutarate. An increase in the last two also 
occurred following glutamate infusion in the 
normal subjects. 

The authors discuss the possible metabolic 
differences between the normal and the cir- 
rhotic subject which might be inferred from 
their studies, but are unable to implicate a 
defect of oxidation or other specific biochem- 
ical lesion. On the contrary, they find more 
similarities than differences between the two 
groups. 

As always, in dealing with fragmentary 
information, one cannot be sure which ob- 
servations are significant. Iber’s group has 
added significantly to our meagre knowledge 
of the amino acid changes in liver disease. 
Future work will show which changes are 
regularly present and which are metabol- 
ically significant. Chromatography is_be- 
coming available in many hospitals and the 
present work should stimulate others to ex- 
pand their observations. 

In summary, plasma amino acids are high 
in severe liver cirrhosis, but may not be in 
hepatic coma. Methionine and tyrosine were 
particularly inereased in four cases with 
coma and phenylalanine in three of the four. 
Intravenous sodium glutamate is rapidly 
metabolized in 
health. 


severe liver failure and in 


PRIMARY HYPEROXALURIA 


Since oxalic acid forms insoluble calcium 
compounds, increased amounts in the urine 
would tend to cause the formation of cal- 
cium oxalate stones in the kidneys or uri- 
nary tract. H. D. Archer, A. E. Dormer, 
Ik. F. Seowen, and R. W. E. Watts (Lancet 
II, 320 (1957)) have recently reported stud- 
ies on two individuals who showed increased 
amounts of oxalic acid in the urine. The 
defect in these individuals was believed to 
be a primary hyperoxaluria which might be 
of metabolic origin. 

Both individuals, a 24-year-old male and 
a 10-year-old female, had numerous inci- 


dents of renal calculae and nephrocaleinosis 
At one time the male patient had a tem 
porary disturbance of electrolyte balance 
and azotemia (with the highest blood urea 
level being 237 mg. per 100 ml.). This oc 
curred following an operation for renal cal 
culi where a portion of his left kidney was 
removed. On microscopic examination of 
the tissue removed, no increased calcium 
deposits could be found and only the effects 
of pyelonephritis were noted. The female 
patient who had been operated previously 
for the removal of kidney stones did not 
have as much kidney damage as evidenced 
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by the blood urea nitrogen level, blood pres- 
sure or biopsy. In both of these cases there 
was no increased amino aciduria as judged 
by filter paper chromotography, and radio- 
graphic examination of the whole skeleton 
system revealed no abnormalities in calei- 
fication. Also, there was no history suggest- 
ing urolithiasis in siblings of either patient 
or in their near relations 

Using a method for determining oxalic 
acid which these investigators devised it 
was found that normal individuals excrete 
between 10 and 40 mg. of oxalic acid per 
24 hours (expressed as the monohydrate). 
The male patient was excreting between 
162 and 290 mg. of oxalate per day as noted 
by frequent analysis over a 29 month period. 
During this time the patient was on a diet 
that was free of foods which are especially 
rich in oxalate (e.g. rhubarb, spinach, straw- 
berries, etc.). The second patient was ex 
creting between 110 and 265 mg. of oxalic 
acid per day in the urine and this level was 
maintained for the two year period studied. 
Thus, in these two individuals the increased 
amounts of oxalic acid in the urine were 
not transient occurrences but appeared to 
be rather stable and permanent metabolic 
alterations. 

These investigators preferred to call the 
condition described primary hyperoxaluria 
since the term oxaluria is generally used to 
denote any increased urinary excretion of 
oxalate without regard to the etiology. 
Normally oxaluria is detected by examining 
the urine microscopically for the presence 
of calcium oxalate crystals. such 
crystals are normally present in urine these 
investigators believe that the term hyper- 
oxaluria should be used to denote a con- 
dition when there is an increased level of 
urinary oxalate which is demonstrated by 


Since 


chemical analysis. Primary hyperoxaluria ap- 
pears to be rare; while its actual frequency 
in the general population is not known, an 
estimate of its probable occurrence can be 
arrived at by considering the number of pa- 
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tients under the age of 15 who present a 
history of renal calculi. While the probabil- 
ity of finding hyperoxaluria is greatest in 
this group of patients, there are numerous 
other causes of renal calculi. Archer, ef al., 
have noted that during the year 1951 only 
26 patients of this age group were added to 
the Registrar-General’s statistics, which are 
made up of patients admitted to the English 
teaching hospitals. While the percentage of 
these 26 patients who had hyperoxaluria was 
not determined, the number will approach a 
maximal The urolithiasis and 
nephrocalcinosis which occurred with  pri- 


incidence. 


mary hyperoxaluria were progressive. The 
renal parenchyma is subjected to recurrent 
episodes of pyelonephritis and this, in turn, 
leads to renal failure, hypertension, and 
death in childhood or early adult life. 
These investigators believe that the meas- 
urement of the urinary excretion of oxalate 
is necessary to be able to differentiate be- 
tween patients having primary hyperox- 
aluria and those cases with isolated urolithi- 


asis which may occur early in life and carry 
a better prognosis. The mechanism of the 
hyperoxaluria is not well understood, al- 


though these investigators suggest two dif- 
ferent causes. One concept is that it may be 
due to a renal defect which allows oxalate to 
enter the urine; the second theory is that it 
may be the result of an excessive formation 
of oxalic acid in the general body metabo- 
lism, with the excess oxalate spilling in the 
urine. They believe that primary hyperox- 
aluria is not due to the result of renal dam- 
age, per se, but that it may result secondar- 
ily in renal failure and renal hypertension. 

Thus, these workers concluded that the 
increased oxalic acid in the urine was due to 
a metabolic defect. To substantiate this idea 
they found that the administration of so- 
the 
amount of oxalic acid excreted by these 


dium benzoate significantly reduced 


patients. A large portion of the administered 


sodium benzoate is detoxified by being 
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coupled with glycine to form hippurie acid. 
The formation of hippuric acid will reduce 
the available glycine pool, and it is believed 
that oxalic acid may originate from this 
precursor. Thus, by reducing the amount of 
glycine available, one can limit the amount 
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of oxalic acid formed by the body and ex- 


creted into the urine. Further investigation 
will un- 
doubtedly lead to more information con- 


of this unusual metabolic deficit 


cerning both normal and abnormal metabolic 
reactions. 


SELF-SELECTED FOOD CONSUMPTION BY SOLDIERS 


A number of recent studies have reported 
average dietary intakes of soldiers in the 
U.S. Army (P. E. Howe and G. H. Berry- 
man, Am. J. Physiol. 144, 588 (1945); R. EF. 
Johnson and R. M. Kark, Research Reports, 
QM Food and Container Institute, Chicago, 
Illinois (1947); H. C. Schor and H. L. Swain, 
J. Nutrition 38, 51 (1949); and C. F. Con- 
solazio et al., U. S. Army Medical Nutrition 
Laboratory, Report No. 187 (1956)). These 
investigations served to measure and to 
assess the adequacy of the dietary intake of 
healthy male soldiers when they consumed 
packaged or garrison-type rations under the 
usual messing procedures. 

A recent report summarizes the results of 
a study in which nutrient intake was deter- 
mined among soldiers who were allowed com- 
plete self-selection or ad libitum intakes of a 
variety of acceptable food items (F. Konishi 
et al., J. Nutrition 68, 41 (1957)). 

The foods were prepared under the super- 
vision of a dietitian and with emphasis upon 
maximum acceptability. This included the 
purchase of superior cuts of meat and the 
limitation of the use of canned items. 

The study was conducted at Fort Carson, 
Colorado, over a four-week period with 100 
healthy male soldiers as subjects. They 
ranged in age between 18 and 25 years 
(ave. 21.5), in height from 162 to 189 centi- 
meters (ave. 174.5), and in weight from 52 
to 98 kilograms (ave. 70.4). 

The subjects were maintained on a rela- 
tively moderate training program through- 
out the study. The most strenuous activity 
was a weekly seven-mile contest march. 


In addition to the foods consumed in the 
mess hall under the self-selection regimen, 
the subjects were allowed to obtain addi- 
tional food items at a designated post ex- 
the items 
consumed were recorded. 


change where and quantities 

Caloric intake was derived by applying 
the Atwater factors of 4, 9 and 4 calories to 
the grams of intake of protein, fat and carbo- 
hydrate, respectively. The subjects con- 
sumed daily an average of 150.7, 162.3 and 
396.6 g. of protein, fat and carbohydrate, 
respectively, with an average daily caloric 
intake of 3669. Of this total only 152 eal- 
ories, or 4.1 per cent of the total calories 
consumed, were obtained from outside the 
regular mess. The lower caloric consumption 
outside the mess reflects the high accept- 
ability of the food offered in the mess. This 
is in contrast to the fact that patients in 
military hospitals secured 7.5 per cent of 
their total caloric intake from outside the 
mess, while healthy troops in U. S. Army 
training camps obtained 18 per cent of their 
caloric intake from outside the regular mess 
(Konishi, ef al., and Consolazio, et al., U.S. 
Army Medical Nutrition Laboratory, Reports 
No. 187 and 191 (1956)). 

The average fat consumption represented 
39.8 per cent of the calories consumed and 
fat from animal sources supplied 76 per cent 
of the total calories consumed in the form of 
fat. Milk was the greatest single source of 
fat calories, representing about 38 per cent 
of the total. 

The one food item which was apparently 
in greatest demand under the self-selection 
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regimen was fresh fluid milk. The highest 
quantity consumed in any one day by one 
soldier was 3920 g., or 4 quarts, while aver- 
age fluid milk consumption was slightly over 
one and one-half quarts per man per day. 
This is slightly more than three times the 
allowance of fresh fluid milk per man per 
day (one pint) under the U 
program of World War II. 

In spite of ad libitum availability, meats 
were consumed in relatively smaller amounts 


. 8. Army ration 


than is common among troops subsisting 
under the garrison or field ration. The sub- 
jects averaged 249 g. of meat, fish and 
poultry in daily intake, contrasted with 
intakes of 380 to 415 g. under ordinary army 
messing conditions. Intakes of fats, butter 
and spreads under voluntary intake were 
also reduced, as were also the consumption 
of vegetables and citrus fruits. 

During the 28-day period the subjects 
gained in body weight an average of 2.03 
kilograms (range, —1.20 to +5.41). 

Daily energy expenditure measurements 
were made on eight of the subjects during 
14 days of the experiment. The results re- 
vealed a highly significant correlation be- 
tween energy expended and calories ingested 
during the same day. 

Inasmuch as the subjects almost all gained 
in body weight, it was of interest to estimate 
the energy needed for maintenance. This 
was done by assuming that 6.8 calories 
were required to produce one gram of body 
weight gain, an estimate derived from the 
studies of Keys and associates (A. Keys, 
J. T. Anderson and J. Brozek Metabolism 
4, 427 (1955)). Correcting for the calories 
used in body weight gain by this procedure, 
it was found that an average daily caloric 
intake of 3173 represented the maintenance 
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for 
scribed activity. 

The adjusted caloric intake for main- 
tenance for each individual served as the 
basis for computing a prediction equation 


requirement energy under the _ pre- 


for expressing maintenance requirements as 
follows: E = 452.88W®°*, where E = 
estimated daily caloric need and W = body 
weight in kilograms. 

It is of some interest that this prediction 
equation is somewhat different from that 
proposed by the FAO Committee on Caloric 
Requirements (Food and Agriculture Organ- 
ization of the United Nations, Calorie Re- 
quirements, Washington, D. C. (1950)). The 
FAO committee predicts energy needs from 
the following 152W°73, 
Konishi and associates point out, and their 
data support that the FAO 
equation would tend to overestimate the 
caloric requirement for those subjects in 
their study with higher than average body 
weights. 


equation: E = 


their view, 


Self-selection studies or ad libitum food 
intake studies in man, such as the one con- 
ducted by Konishi and associates, are prac- 
tically non-existent. An older study is that 
by C. M. Davis (Am. J. Dis. Child. 36, 
651 (1928)) in which newly weaned infants 
were allowed to select their foods ad libitum 
from a wide range of foods of plant and 
animal origin. The infants progressed satis- 
factorily under such a subsistence program 
for a 12-month period. The similarity of 
nutrient selection between these infants and 
the soldiers in the present study is striking. 
The infants consumed 17, 36 and 47 per 
cent of their calories from protein, fat and 
sarbohydrates, respectively, whereas the 
soldiers averaged 17, 40, and 43 per cent 
respectively. 


COPPER NUTRITION IN RUMINANTS 


Naturally occurring copper deficiency of 
cattle and sheep in Australia and New Zea- 
land has always been associated with areas 
where the herbage is deficient in this min- 


eral. In parts of Western Europe, however, 
hypocuprosis also occurs, but in areas where 
analysis shows the pasture to have a mod- 
erate or even high copper content by com- 
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parison with Australasian data. This indi- 


sates the existence of factors interfering 


with the absorption or storage of copper in 


the animal; progress on the problem has 
been reported from two British laboratories. 
R. Alleroft and G. Lewis (J. Sez. Food 
Agr. 8, s96 (1957)) describe the principal 
symptoms of copper deficiency in the field in 
Britain as being loss of condition and a dull, 
discolored coat in cattle (usually the young 
growing stock) and “swayback” or neonatal 
ataxia in lambs. The affected lambs show a 
spastic paralysis of varying severity, and the 
characteristic pathology is a diffuse cerebral 
demyelination with secondary degeneration 
of the motor tracts of the cord. There is 
ample confirmation that administration of 
copper to the ewe during gestation will pre- 
vent the condition from appearing. Anemia 
is not characteristic of the deficiency condi- 
tion in either species, which is contrary to 
some Australian experience (H. W. Bennetts, 
J. Dep. Agr. W. Australia 4, 42 (1955); H.R. 
Marston, Physiol. Rev. 32, 66, (1952)). 
These conditions occur in areas where the 
mean level of copper in the pasture is 24 
parts per million (p.p.m.). In Australasia, 
on the other hand, deficiency conditions are 
associated with where the pasture 
contains less than 4 p.p.m. of copper; 11 


areas 


p.p.m. is regarded as a mean value for “‘nor- 
mal’’ pastures. Now it is known that molyb- 
denum and copper are to some extent antag- 
onistic in their effects, so that a moderate 
excess of molybdenum causes scouring in 
‘rattle only when there is a rather low level 
of copper present. However, this fails to 
explain the British findings where the ‘“de- 
ficient”’ pasture had a mean content of only 
7 p.p.m. of molybdenum, and it has been 
the experience of I. J. Cunningham (New 
Zealand J. Agric. 90, 196 (1955)) in New 
Zealand that molybdenum must be present 
at a level of 20 p.p.m. in the pasture in order 
to produce disorders, even where there is no 
more than 10 p.p.m. of copper. 

A. T. Dick (Austral. Vet. J.30, 197 (1954)) 
has demonstrated the intervention of a third 
factor in this relationship, in the form of 
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inorganic sulphate. He found that molyb- 
denum and inorganic sulphate were syner- 
gistic in their effect of reducing the level of 
copper stored in the liver by ewes, and also 
of reducing the quality of their wool in a 
manner characteristic of copper deficiency. 
Again, however, this does not seem to ex- 
plain the occurrence of copper deficiency in 
Britain. Allcroft and Lewis (loc. cit.) have 
found a range of values from 0.25 to 1.1 per 
cent of inorganic sulphate in the pasture 
where copper deficiency occurs, and a very 
similar range of values in other areas where 
not although both 
copper and molybdenum values are also 
similar to those in the 


deficiencies do occur, 
“deficiency”’ areas. 
The further possibility has been investi- 
gated that the copper determined in these 
British pastures is present to a greater ex- 
tent than elsewhere in the form of complexes 
whose availability to the grazing animal is 
reduced. This might occur either through 
copper failing to be absorbed through the 
digestive tract, or by its being absorbed 
while still incorporated in molecules that 
cannot be utilized, and so that it can only be 
re-excreted. C. F. Mills (J. Set. Food Agr. 
8, 588 (1957)) has approached this problem 
by comparing the response of the copper- 
deficient rat to supplements of inorganic 
copper salts and organic copper complexes 
extracted from herbage. Digestion of herb- 
age with a wide range of solvents always 
failed to extract more than a small propor- 
tion of the copper present. But, despite this, 
feeding freeze-dried herbage to deficient rats 
gave consistently greater responses in 
growth, hemoglobin level, liver copper re- 
serves and appearance of the animals, than 
did dosings with a level of copper sulphate 
that was equivalent to the total amount of 
copper found on analysis of the herbage. 
Further experiments indicated that most 
of this response to dried herbage was caused 
by the copper fraction which was extractable 
with water, and appeared to be largely in 
“complex” form. To confirm that the activ- 
ity in the extracts was not explained by the 
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fraction in inorganic form or in complexes 


that were easily disrupted by gastric condi- 
tions, these were then removed as far as 
possible by a pre-treatment. The extracts 
were passed through a column of a cation- 
exchange resin at acid pH, under conditions 
such that the cupri-glycinate complex was 
disrupted with retention of the cupric ions 
on the resin (C. F. Mills, Biochem. J. 638, 
190 (1956)). The residual herbage extract 
was then fed to rats at a level contributing 
3 wg. of copper per day for 30 days. The 
response was significantly greater than that 
obtained in parallel animals receiving either 
3 or 6 wg. of copper per day in the form of 
CuSO,:5H:.O, and indistinguishable from 
that of rats receiving 10 or 15 yg. of inor- 
ganic copper. 

The small amount of sulphate introduced 
with the inorganic copper seems unable to 
explain the inferior response to the salt and 
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we are left with the indication that certain 
soluble copper complexes are absorbed intact 
through the intestinal mucosa, and are ac- 
tually more biologically useful, or available, 
than supplements of inorganic copper. It is 
possible, of course, that some of the copper 
fed in the inorganic form will combine with 
other food components before absorption, 
but at any rate the overall utilization of 
copper fed in this way is low. 

The demonstrated influence of the form 
in which copper is present in herbage on its 
availability to a non-ruminant animal is of 
fundamental interest, especially when it is 
in the contrary direction to what might 
have been anticipated. It remains to be seen 
whether or not this factor will be demon- 
strated as responsible for the difference be- 
tween British and Australasian experience as 
to the level of copper required in pasturage 
for the health of cattle and sheep. 


NUTRITIVE VALUE OF PROTEINS FOLLOWING IRRADIATION 


The desirability of the development of a 
practicable and safe method of food steriliza- 
tion using ionizing radiation has led to a very 
widespread effort by many workers to over- 
come the difficulties inherent in the method 
(Nutrition Reviews 18, 193 (1955)). These 
difficulties, actual or suspected, fall into 
three main categories: (1) The acceptability 
of the irradiated product may be lowered by 
changes in odor, taste or appearance; (2) the 
possibility that toxic products might be 
produced is under investigation, although 
no such product has been found as yet; (3) 
the nutritional value of the food may be 
lowered by destruction of vitamins or other 
nutrients. 

Exemplifying the last category is a recent 
report by V. C. Metta and B. C. Johnson 
(J. Nutrition 69, 479 (1957)). The knowledge 
that amino acids are destroyed in dilute so- 
lution by ionizing radiation led these authors 
to test the nutritional value of milk and meat 
protein before and after radiation steriliza- 


tion and, in the former case, to compare it 
with that of the product from heat steriliza- 
tion. 

In the first experiment, rats were divided 
into three groups, each of which was fed an 
adequate diet containing as the source of 
protein 36.8 per cent of evaporated milk (on 
a dry weight basis). In the first 16-day pe- 
riod, the groups received (1) non-processed 
milk, (2) heat processed milk (242° F. for 14 
min.), and (3) radiation sterilized milk (3 X 
10° rep). In a second 16-day period all three 
groups were placed on a 4 per cent whole egg 
diet. In the final 16-day test period the 
groups received (1) radiation sterilized milk, 
(2) non-processed milk and (3) heat proc- 
essed milk. Chemical analyses revealed no 
change in nitrogen content of the protein or 
in gross energy caused by the treatments. 

The nutritive value of the diets was as- 
sessed by the method of H. H. Mitchell 
(Ind. Eng. Chem. (Anal. Ed. & News Letter) 
16, 696 (1944)), which takes into account 
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the digestibility of the protein as well as its 
utilization for the various metabolic proc- 
esses. Neither of the treatments altered the 


digestibility of the proteins significantly. 


However, biological value was lowered 6 per 
cent by the heat treatment and 8 per cent by 
the Thus, although 
nitrogen was apparently not lost during 


radiation treatment. 
either process, essential amino acids -were 
either destroyed or made unavailable for 
metabolic purposes. Although the exact 
amino acids concerned in this process were 
not revealed by these experiments, previous 
data (B. E. Proctor and D. 8. Bhatia, Bio- 
chem. J. 61, 535 (1952); 68, 1 (1953)) indi- 
cated cysteine, histidine and phenylalanine 
as those most readily destroyed by ionizing 
radiation. 
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In similar experiments with raw or cooked 
control and irradiated hamburger as the 
source of protein, no differences in digesti- 
bility or biological value were noted. 

In the case of the milk, it was noted that 
the irradiated samples were discolored and 
had an unpleasant taste and odor. Moreover, 
the precipitation of the protein was indica- 
tive of denaturation. The diets containing 
this milk were eaten slowly and reluctantly 
even though no ill effects resulted from their 
consumption. Thus it appears that with 
milk, as with several other foodstuffs, the 
major problem is not destruction of nutritive 
value but decreased acceptability. Until this 
problem can be solved economically, radia- 
tion sterilization of these products will not 
be feasible. 


FATTY ACIDS AND CHOLESTEROL METABOLISM 


During the past few years, the relationship 
of dietary fat to blood and tissue cholesterol 
has become a subject of great interest and 
speculation. In particular, the blood choles- 
terol-lowering effect of the seed fats has been 
variously ascribed to: their content of un- 
saturated fatty acids (E. H. Ahrens, Jr., 
T. T. Tsaltas, J. Hirsch and W. Insull, Jr., 
J. Clin. Invest. 34, 918 (1955)); their con- 
tent of polyunsaturated fatty acids (L. W. 
Kinsell, Nutrition Reviews 14, 327 (1956)); 
their content of essential fatty acids (H. M. 
Sinclair, Lancet 270, 381 (1956)); their con- 
tent of plant sterols (Nutrition Reviews 14, 
285 (1956)); and to unknown substances 
(R. J. Jones, O. K. Reiss and 8. Huffman, 
Proc. Soc. Exp. Biol. Med. 98, 88 (1956)). 

In such a state of confusion it is impor- 
tant that some studies be carried out with 
pure fatty acids and limited well-defined 
objectives. One such study was recently re- 
ported by D. Kritchevsky, ef al., (Am. J. 
Physiol. 185, 279 (1956)), in which rabbits 
were fed diets containing 2 per cent choles- 
terol dissolved in 6 per cent of three different 
fatty esters, methyl stearate, methyl oleate 


and methyl 9,11l-octadecadienoate. After 
eight weeks on the diets supplemented with 
the three esters it was found, in confirma- 
tion of previous results (Kritchevsky, ef al., 
Am. J. Physiol. 178, 30 (1954)), that the 
severity of the atheromata developed on the 
diets varied inversely with the iodine num- 
ber of the fatty ester. Blood cholesterol levels 
showed the opposite trend, but were proba- 
bly a reflection of the Sf 100-400 classes of 
lipoproteins, which were considerably ele- 
vated in the methyl 9,11-octadecadienoate- 
fed group. The Sf 0-11 and 12-20 classes, 
which have been associated with high inci- 
dence of atheromata (H. B. Jones, ef al. Am. 


J. Med. 11, 358 (1951)), were most elevated 


in the stearate and oleate-fed groups. 

The authors suggest that the function of 
the unsaturated acids in this respect is to 
keep the cholesterol associated with them in 
ester form suspended in the blood and thus 
aid in its removal via the bile or other path- 
way. It should be noted that the polyun- 
saturated acid used in these experiments, 
apparently successfully, was a conjugated 
dienoic acid, a type which has no essential 
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fatty acid (EFA) activity and has even been 
proposed as an EFA antagonist (R. T. Hol- 
man and 8. I. Greenberg, Arch. Biochem. 
Biophys. 49, 49 (1954)). If such an effect can 
indeed be ascribed to acids of this type, it 
may be possible to differentiate between the 
blood cholesterol-lowering effect of certain 
polyunsaturated fatty acids and true EFA 
activity. 

If the effect of the polyunsaturated fatty 
acids on blood cholesterol stems largely from 
their solubilizing function either in the cho- 
lesterol ester form or as phospholipids, cer- 
tain other fatty acids appear to have a 
function more closely connected with dis- 
posal of the cholesterol. K. K. Carroll and 
R. L. Noble (Canad. J. Biochem. Physiol. 
34, 981 (1956)), carried out experiments in 
which rats were fed fat-free diets supple- 
mented with 10-15 per cent of certain higher 
homologues of oleic acid. Although the cho- 
lesterol content of the fat-free diet was low 
(0.1 mg. per day per rat), excretion in the 
normal rat averaged 5 mg. When the fatty 
acid supplement was erucic (docos-13-enoic 
acid) or nervonic (tetracos-15-enoic acid), 
sterol excretion doubled or tripled. A small 
amount of this increased excretion was due 
to the increased bulk of feces resulting from 
poor absorption of the acids in question. 
However, the excretion per gram of feces 
also showed increases of the same order of 
magnitude, indicating that an additional 
factor was of greater importance. Smaller 
increases in sterol excretion per rat were 
also promoted by behenic, alpha hydroxy 
behenic and the other long-chain saturated 
acids, but this was apparently due entirely 
to the increased fecal bulk brought about 
by poor absorption of the acids. Oleic acid 
had little or no effect, and the lower satu- 
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rated fatty acids may actually have de- 
creased sterol excretion. 

In a closer examination of the mechanism 
of this effect, Carroll and Noble found that 
the increase was largely in esterified choles- 
terol in distinction to the normal excretion, 
which is largely unesterified cholesterol and 
coprosterol. Moreover, that the increased 
excretion did not originate in the liver, was 
demonstrated in bile cannulation experi- 
ments. The source of the increased choles- 
terol excretion is thus still obscure. In pre- 
vious studies (K. K. Carroll, Endocrinology 
48, 101 (1951)) it had been shown that erucic 
acid increased cholesterol deposition in the 
liver and adrenals. This effect, however, 
may be peculiar to erucic and nervonic acids, 
since the other acid effective in promoting 
increased sterol excretion (an eicosenoic 
acid) did not have this property. No changes 
in blood cholesterol occurred on any of the 
dietary supplements. 

The authors concluded that this fatty acid 
effect must be partially an increase in cho- 
lesterol synthesis since no decreases in car- 
cass cholesterol occurred with increased ex- 
cretion. It should be recalled that erucic acid 
has been shown to be responsible for lower- 
ing growth rate and, in high amounts, for 
early death (Nutrition Reviews 14, 305 
(1956)). The growth-depressing effect has 
been found to be due to decreased food in- 
take brought about by a low rate of absorp- 
tion of erucic acid (H. J. Thomasson J. Nu- 
trition 69, 343 (1956)). The cause of death 
with the larger amounts is not known. In 
any event, it is evident that different classes 
of fatty acids may have diverse effects on 
cholesterol that further 


metabolism and 


study is urgently needed. 


A NEW METABOLITE OF CYSTEINE 


In studying the accumulation of formalde- 
hyde in the enzymatic demethylation of 
sarcosine (a derivative of choline), C. G. 
Mackenzie and J. Harris (J. Biol. Chem. 227, 


393 (1957)) observed that no formaldehyde 
could be found when L-cysteine was present 
in the medium. This, together with other 
information, led them to suspect that a com- 
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bination of formaldehyde and cysteine had 
occurred. Of the known cysteine and for- 
maldehyde reaction products, thiazolidine- 
carboxylic acid (a compound formed by the 
carbon of formaldehyde making a linkage 
between the amino and sulfhydryl groups of 
cysteine) appeared to be the most likely 
candidate. When this compound was incu- 
bated in the system, a rapid rate of oxygen 
consumption ensued. From an incubation 
mixture of formaldehyde and cysteine with 
the enzymes, a compound was found which, 


when tested by paper chromatography, pos- 


sessed the mobility of thiazolidinecarboxylic 
acid. Subsequent study revealed that when 
mitochondria acted upon this substrate, the 
primary end product was n-formyleysteine. 

The fate of the latter metabolite remains 
to be elucidated. The authors mention un- 
published experiments in which thiazolidine- 
carboxylic acid could replace L-cysteine in 
low-methionine diets, and suggest that the 
splitting of N-formylcysteine to regenerate 
cysteine probably occurs in the living animal. 

Since the sulfhydryl group in thiazolidine- 


CORN OIL AND 


Several reports have appeared (E. H. 
Ahrens, Jr.. D. H. Blankhorn and T. T. 
Tsaltas, Proc. Soc. Exp. Biol. Med. 86, 872 
(1954); Ahrens, et al., J. Clin. Invest. 34, 918 
(1955); L. W. Kinsell, et al., J. Clin. Endo- 
crinol. 12, 909 (1952); B. Bronte-Stewart, 
A. Antonis, L. Eales, and J. F. Brock, Lancet 
270, 521 (1956)) in which it has been dem- 
onstrated that reductions of the serum cho- 
lesterol were obtained in human subjects 
receiving formula diets in which various oils 
were the main source of fat. Ahrens, et al. 
(loc. cit.) found that corn oil, of the oils 
tested by his group, was the most effective in 
maintaining a low level of cholesterol in the 
serum. These authors have also suggested a 
correlation between the iodine number and 
the cholesterol-controlling effect of several 
tested vegetable oils, and have postulated 
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carboxylic acid is protected from oxidation, 
it appeared that this compound might be a 
better potential source of the sulfhydryl! 
group than cysteine. In a bioassay-type ex- 
periment, in which sulfhydryl groups will 
prevent death in rats due to massive pleural 
effusion from thiourea, it was found that 
thiazolidinecarboxylic acid was five times 
more active than cysteine (J. B. Mackenzie 
and C. B. Mackenzie, Fed. Proc. 15, 306 
(1956)). 

Independently of the above workers, D. 
Cavallini, C. DeMarco, B. Mondoni and F. 
Trasarti (Biochim. Biophys. Acta 22, 558 
(1956)) thiazolidinecarbox- 
vlic acid on paper chromatograms from rat 


have identified 


liver homogenates. In studying the metabo- 
lism of the compound by rat liver extracts, 
diformyleysteine was found as one of the 
end products. 

These studies open up a new aspect of 
sulfur amino acid metabolism. It will be of 
interest to learn of the possible wider sig- 
nificance of thiazolidinecarboxylic acid and 
its products. 


PLASMA CHOLESTEROL 


that the degree of unsaturation of the oil was 
responsible for the effect. 

R. J. Jones, O. K. Reiss and 8. Huffman 
(Proc. Soc. Exp. Biol. Med., 93, 88 (1956)) 
recently noted that in cholesterol-fed chicks 
the corn oil vehicle seemed to result in a 
lower cholesterol level in the serum than 
when cottonseed oil was used as the vehicle. 
As an outgrowth of these observations they 
performed a series of controlled experiments 
to test the notion that the slightly higher 
level of unsaturated fatty acids in corn oil, 
which distinguishes it from cottonseed oil, 
is enough to influence serum cholesterol 
levels. 

In each experiment, 40 eight-week-old 
White Rock cockerels were divided into four 
dietary groups, each of which was given equal 
weights of the diets. Food intake was meas- 
ured daily; body weight was checked at 
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weekly intervals. The plasma was analyzed 
for cholesterol at two-week intervals. At the 
end of the experiments, the aortas were 
examined for gross atherosclerotic plaques 
and graded accordingly. 

To test the importance of the relative 
proportion of oleic and linoleic acids as they 
occur in corn oil as opposed to cottonseed 
oil, two fatty acid products prepared com- 
mercially were used. One (A) consisted of 
fatty acids redistilled from cottonseed oil; 
the other, (B), was also derived from cotton- 
seed oil but was fractionated so as to simu- 
late the proportions of palmitic, oleic and 
linoleic acids as they occur in corn oil. 
Neither contained any myristic acid which 
is normally present in corn oil. Each con- 
tained approximately 2 per cent unsapon- 
ifiable matter obtained from cottonseed oil. 
One group of chicks was fed a diet consist- 
ing of 10 per cent corn oil; the second group 
was fed 10 per cent cottonseed oil; the third 
group was given 10 per cent fatty acid prod- 
uct (A); and the last group was fed 10 per 


cent fatty acid product (B) plus 0.1 per 
cent myristic acid. Each diet contained 1 


per cent cholesterol and a chick starter 
mash consisting of ground corn, oats, wheat 
bran, alfalfa, and soy bean (less than 3 per 
cent fat). The results showed that birds fed 
corn oil had a consistently lower serum 
cholesterol level than those fed cottonseed 
oil or either of its fatty acid distillates. No 
statistically different incidence in athero- 
sclerosis was detected, although the grade 
of severity tended to correspond with the 
level of cholesterol in the serum. 

In a second experiment devised to inves- 
tigate the possible benefit of a cruder prep- 
aration of corn oil, chicks in group I were 
fed 17.8 per cent whole corn germ (56 per 
cent lipid); group II received 10 per cent 
crude oil; group III was given hexane-ex- 
tracted corn oil; group IV was fed 8 per 
cent solvent-extracted whole corn germ plus 
9.8 per cent cottonseed oil. Again 1 per cent 
cholesterol was added to the total diet. The 
result was that the whole-germ fed birds 
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had significantly lower serum cholesterol 
than all other groups. The cholesterol level 
of the expressed oil-fed group was signifi- 
cantly lower than that of the extracted oil- 
fed group at all but the terminal bleedings. 
With regard to incidence of atherosclerosis, 
a difference of borderline significance was 
found among all the oil-fed groups, but the 
group which received whole germ was sig- 
nificantly protected against early lesions. 

These experiments suggest that the degree 
of saturation is not the sole factor in deter- 
mining the response to cholesterol feeding. 
O. W. Portman, E. Y. Lawry and D. Bruno 
(Proc. Soc. Exp. Biol. Med. 91, 321 (1956)) 
showed that corn starch in the diet in- 
hibited the rise in serum cholesterol usually 
seen with simple sugar. However, when corn 
starch was added to the diet of cholesterol- 
fed chicks (Group IV, Second Experiment) 
there was no reduction in the serum choles- 
terol. Thus Jones, et al., (loc. cit.) conclude 
that an unidentified fraction of the germ 
oil, not easily extracted, is inhibiting the 
expected rise in cholesterol in cholesterol-fed 
chicks. 

The authors point out that although 
Ahrens, et al., (loc. cit.) were able to make a 
rough correlation of the iodine number with 
the serum cholesterol lowering effect, the 
work of Bronte-Stewart, et al., (loc. cit.) 
places emphasis on the importance of satu- 
ration of fatty acids for the hypercholes- 
teremic response. It is also possible that the 
content of certain polyunsaturated acids 
rather than general unsaturation is the im- 
portant factor in the cholesterol-lowering 
properties of the seed oils. 

If further experiments bear out the con- 
tention that some property of corn oil other 
than the degree of unsaturation is largely 
responsible for the anticholesteremia, then 
the findings of Jones, et al., are of major 
significance. Judgment should be reserved, 
however, until such experiments have been 
performed and preferably until the sub- 
stance (or substances) in question has been 
isolated. 
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PYRIDOXINE AND SEROTONIN FORMATION 


Serotonin (5-hydroxytryptamine) was 
originally known for its properties as a vaso- 
constrictor. More recently, evidence has ac- 
that the 
plays an important role in brain metabolism. 


The administration of serotonin antimetabo- 


cumulated to substance 


suggest 


lites such as lysergic acid diethylamide to 


man produces hallucinations and other men- 
tal aberrations. Other observations indicate 
that changes in brain serotonin levels lead 
to neurological abnormalities in experimental 
animals. Although it is not possible to state 
precisely the role of serotonin in neurological 
and mental disease, the available evidence 
certainly suggests an involvement. The rela- 
tionship of pyridoxine to serotonin forma- 
tion then becomes a matter of interest. 
Serotonin is known to be synthesized from 
tryptophan via the intermediate, 5-hydroxy- 
tryptophan. 8. Udenfriend, KE. Titus, H. 
Weissbach and R. E. Peterson (J. Biol. 
Chem. 219, 335 (1956)) administered car- 
bon'-labeled tryptophan to a toad and were 
able to isolate labeled 5-hydroxytrytophan 
from the venom glands. In other experiments 
carbon"-labeled tryptophan was injected 
into a rabbit and labeled serotonin was iso- 
lated from blood platelets four days later. 
In later work by this group (Udenfriend, 
Weissbach and D. F. Bogdanski, J. Biol. 
Chem. 224, 803 (1957)) it was found that the 
administration of carbon"-labeled  5-hy- 
droxytryptophan to rabbits led to the ap- 
labeled several 
tissues. Also the administration of 5-hydroxy- 


pearance of serotonin in 
tryptophan to rats and dogs resulted in an 
increased concentration of tissue serotonin. 

The biologic formation of serotonin then 
involves the conversion of tryptophan to 
5-hydroxytryptophan, a reaction similar to 
the conversion of phenylalanine to tyrosine. 
The 5-hydroxytryptophan is then decarbox- 
ylated to serotonin. 

The decarboxylation reaction in serotonin 
formation suggested the possible involve- 
ment of pyridoxal phosphate since this co- 


factor is involved in other amino acid de- 
carboxylations. C. T. Clark, Weissbach and 
Udenfriend (J. Biol. Chem. 210, 139 (1954)) 
isolated the enzyme 5-hydroxytryptophan 
The 
reaction of this enzyme with 5-hydroxytryp- 


decarboxylase from guinea pig livers. 


tophan led to the formation of equimolar 
quantities of serotonin and carbon dioxide 
as would be expected. The reaction was in- 
hibited by carbonyl reagents which inhibit 
other amino acid decarboxylations, but the 
inhibition was not reversed by pyridoxal 
phosphate. However, the addition of pyri- 
doxal phosphate to highly purified enzyme 
preparations resulted in slight stimulation. 

The requirement for pyridoxal phosphate 
in 5-hydroxytryptophan decarboxylase has 
been clearly established in a recent report 
(Weissbach, Bogdanski, B. G. Redfield and 
Udenfriend, J. Biol. Chem. 227, 617 (1957)). 
The purified enzyme from rat liver was sub- 
jected to freezing, thawing and dialysis. 
After such treatment there was no 5-hy- 
droxytryptophan decarboxylase activity un- 
less pyridoxal phosphate was added. The 
freezing and thawing were apparently neces- 
sary to dissociate the coenzyme from the 
apoenzyme. 

To further demonstrate the relationship 
of pyridoxine to serotonin formation it was 
found that tissue levels of serotonin in pyri- 
doxine-deficient chicks were reduced to ap- 


proximately 25 per cent of normal levels. 


Also the injection of 5-hydroxytryptophan 


into pyridoxine-deficient chicks resulted in 
a smaller increase in tissue serotonin levels 
than were observed in normal chicks. 

These results show that the vitamin pyr- 
idoxine is required for serotonin formation 
and that the site of its action is on the de- 
carboxylation of 5-hydroxytryptophan. The 
low tissue levels of serotonin in pyridoxine- 
deficient chicks are of interest in view of the 
neurological signs which accompany pyri- 
doxine deficiency in animals. 
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MITOCHONDRIAL CHANGES IN ESSENTIAL FATTY ACID DEFICIENCY 


It is well known that when rats are de- 
prived of essential fatty acids certain de- 
ficiency signs appear. Grossly the animals 
fail to grow normally and exhibit certain 
characteristic skin changes. The exact bio- 
chemical role of the essential fatty acids has 
not been elucidated but certain pertinent 
observations have been made (Nutrition 
Reviews 14, 345 (1956)). The early observa- 
tion that essential fatty acid deficient rats 
have an abnormally high metabolic rate led 
to a study of the effects of the deficiency on 
the efficiency of oxidative phosphorylation. 
It was found that liver homogenates from 
fat deficient rats exhibited a reduced phos- 
phorylative efficiency as measured by P:O 
ratios. Hyperthyroidism leads to a high 
metabolic rate and to a reduced phosphoryl- 
ative efficiency. Recent work strongly sug- 
gests that excess thyroid hormone exerts 
its effect on oxidative phosphorylation by 
altering the physical properties of the mito- 
chondrial membrane (bid. 15, 61 (1957)). 
Since these results indicate that physical 
alteration in the mitochondrial membrane 
may result in distorted biochemical patterns, 
it became desirable to determine the effects 
of fatty acid deficiency on mitochondrial 
structure. 

E. Levin, R. M. Johnson and §S. Albert 
(J. Biol. Chem. 228, 15 (1957)) have reported 
the results of such studies. Mitochondria 
were prepared from livers of normal and 
fatty acid deficient rats and incubated with 
various substrates. It was found that mito- 
chondria from fat deficient rats oxidized 
several substrates more rapidly than did 
normal mitochondria. In parallel studies 
the two types of mitochondria were ob- 
served under phase contrast and electron 
microscopes. Certain abnormalities were 
noted in the mitochondria from the fat 
deficient animals. They were larger and less 
opaque. This suggested that the mitochon- 


dria from the fat deficient animals were 
swelling much as had been observed in hyper- 
thyroidism. 

In subsequent experiments liver mito- 
chondria from normal and fat deficient 
rats were prepared in 20 per cent sucrose, 
which preserves their shape. They were then 
suspended in either 20 per cent sucrose, 8.5 
per cent sucrose, or water and incubated with 
succinate as a substrate. It was found that 
with 20 per cent sucrose as the suspending 
medium, mitochondria from fat deficient 
animals oxidized succinate at a greater than 
normal rate. As the suspending medium be- 
came more hypotonic the normal mitochon- 
dria oxidized succinate at a progressively 
greater rate, while the rate of oxidation 
of succinate by fat deficient mitochondria 
was unaffected by increasing hypotonicity. 

Similar findings were made with regard to 
the efficiency of oxidative phosphorylation. 
When suspended in 8.5 per cent sucrose, 
mitochondria from fat deficient animals ex- 
hibited reduced P:O ratios as compared to 
normal animals. When the suspending me- 
dium was water the P:O ratios of mito- 
chondria from normal animals were reduced 
to levels equivalent to those obtained with 
fat deficient mitochondria. 

These results demonstrate that essential 
fatty acid deficiency and exposure to hypo- 
tonic solutions have the same effect on 
mitochondria. The efficiency of oxidative 
phosphorylation is reduced. This finding, 
taken in conjunction with the observed 
microscopic differences in the mitochondria, 
indicates that essential fatty acid deficiency 
affects the physical state of the mitochon- 
drial membrane. This effect may be respon- 
sible for the increased heat production by 
fatty acid deficient animals and for the im- 
paired oxidative phosphorylation exhibited 
by mitochondria from such animals. 
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METHIONINE SULPHOXIDE AND HYPERTENSION 


It seems clear that there are humoral 
mediators in arterial hypertension, and the 
metabolism of these compounds is of great 


interest. However, hynertension 


research 
has long been hampered by an embarrass- 


ment of choice in the indictment of pressor 
substances as etiologic agents. Vasopressor 
compounds are legion and pressor amines 
are numerous. Many of the latter have 
successively held our attention in the past, 
but the physiologic importance of one after 
another has been discredited. One therefore 
needs to be quite cautious in considering 
any amino acid an important metabolite in 
hypertension, especially when such complex 
systems as mashes or tissue slices are studied. 

However, G. Read, Research Fellow 
in the Department of Obstetrics at the 
University of Sydney, reports work im- 
plicating methionine sulphoxide under the 
title “A metabolic aspect of renal hyperten- 
sion” (Austral. J. Exp. Biol. Med. Sci. 36, 
163 (1957)). According to the renin hy- 
pothesis, this substance is an enzyme which 
acts on hypertensinogen (an alpha globulin 
of plasma) to produce hypertensin. Read 
points out a number of defects in the renin 
theory of hypertension: the substance is 
species-specific, repeated injections produce 
tachyphylaxis, and it produces no sensitiza- 
tion of the arteriolar bed to adrenaline. 
“On the other hand, a partial clamp applied 
to a renal artery has produced experimental 
hypertension in all species of mammals 
tested; the blood pressure after the initial 
stages is sustained and there is hypersensi- 
tivity to adrenaline.” Read assumed that 
any etiologic agent reproducing the effects 
of the partial clamp would not show these 
differences. He found in his early experi- 
ments that the substrate-kidney homogenate 
preparation which most regularly had a 
hypertensive effect always contained DL- 
methionine or its derivatives. He noted that 
the fits of canine hysteria described by E. 
Mellanby (Brit. Med. J. 2, 885 (1946)), 
caused by agenized flour in the diet, re- 


sembled those of rats with hypertensive 
cerebral crises, and that the agene factor 
had been shown by Fortman, et al., in 1951 
to be methionine sulphoximine. The pro- 
duction by W. 8S. Hartroft and C. H. Best 
(Ibid. 1, 423 (1949)) of renal damage and 
later hypertension in weanling rats by a 
choline deficient diet further drew the au- 
thor’s attention because of the metabolic 
relation of choline to methionine. 

Read produced hypertension in adult 
Wistar rats by a clip method. Mean arterial 
pressures were measured indirectly in the 
tail and (in assay rats) directly in the carotid 
artery after heparinization, with a mercury 
manometer and kymograph. One kidney was 


removed from the assay rats two weeks 


before an experiment, and the second was 
removed before the carotid was cannulated 
under ether anesthesia. The integrity of the 
adrenals was established in each case. 
Kidney tissue from normal and hyperten- 
sive rats was used as enzyme material, 
either in slice or homogenate form. Sub- 
strate mixtures consisted of 2 ml. of homog- 
enate or 100 mg. of kidney slice in 2 ml. of 
Krebs-Ringer phosphate solution, plus 0.5 
mg. of an amino acid or an appropriate 
amount of other test substance. Preparations 
were incubated at 39°C. for 114 to 4 hours 
at a pH of 4.5 to 5.5, and heated to 60°C. 
for 15 minutes to destroy renin. This was 
then neutralized, centrifuged, and 0.5 ml. 
of the supernatant was injected into the 
assay rats. Seventeen amino acids 
tested, plus methionine sulphoxide and 
sulphoximine and a variety of other sub- 
stances of physiologic interest. Read con- 
sidered as hypertensive those rats which 
had five successive high blood pressure read- 
ings and an increased heart weight. From a 
large series, a random group of 70 normal 
animals had arterial pressures of 108 + 17 
and the hearts weighed 325 + 16 mg. per 
100 g. body weight; 70 random hypertensive 
rats had blood pressures of 177 + 26 and 


were 
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hearts weighing 563 + 74 mg. per 100 g. 
body weight. 

The author found no significant difference 
in using kidneys of normal or hypertensive 
rats for the slice or homogenate prepara- 
tions. The pH proved important; all sig- 
nificant results were found between a pH of 
4.5 and 5.3. Read found “no results sug- 
gestive of a pressor agent responsible for 
renal hypertension . . . with other substances 
beyond amino acids and their derivatives.” 

Repeated injections of kidney homoge- 
nate, a few minutes apart, produced tran- 
sient rises of blood pressure, of progressively 
less magnitude, considered a typical renin 
effect, and heated homogenate produced no 
hypertension. But when kidney was incu- 
bated with “sol” mixture (consisting of 
methionine, betaine hydrochloride, valine, 
threonine and aspartic acid in buffer), and 
then heated, the preparation yielded a sus- 
tained rise in blood pressure and a second 
injection produced an additional rise. The 
experiment was duplicated many times and 
there was no evidence of tachyphylaxis. 

Many tests were run with amino acids 
individually and in various combinations; 
methionine proved to be ‘‘the constant com- 
mon factor in the substrate mixtures,” 
suggesting that its derivatives might be 
involved in the mechanism of the hyperten- 
sion. Methionine sulphoxide or methionine 
sulphoximine in buffer were not pressor; on 
incubation with kidney homogenate the 
former yielded a characteristic rise in blood 
pressure but the latter did not. With sub- 
stitution of the sulphoxide for methionine 
in the “sol”? substrate mixture there was 
still a pressor response (40 to 70 mm. of 
mercury after two injections). 

In a few experiments an increased sensi- 
tivity to adrenaline injection was observed 
after injection of a “successful” homogenate- 
substrate mixture, 1 microgram of adren- 
aline producing as much response as 5 micro- 
grams in a routine assay rat. 

Read concludes that he has demonstrated 
“a pressor agent from the rat’s kidney which 
possesses properties unlike those of other 
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known pressor substances” and that its 
biosynthesis in vitro was demonstrated. He 
states that the results “suggest that a funda- 
mental derangement of amino acid metab- 
olism of the kidney is responsible for experi- 
mental and renal hypertension. The basic 
mechanism appears to involve 
methionine and its derivatives.” 

The author’s summary states that the 
“mixture of methionine, valine, threonine, 
betaine and aspartic acid as substrate pro- 
duced impressive but not always consistent 
results” and that ‘none of these substances 
alone or in any other combination gave 
positive responses.’ But methionine was 
selected for study because it was the “‘con- 
stant common factor” in the substrate mix- 
tures. The basis on which the final mixture 
was selected is not detailed. This leaves the 
reader confused as to the uniqueness of 
methionine among the compounds in the 
incubation mixture. 

Though the author’s kymograph records 
show substantial blood pressure rises and 
good reproducibility, the mixtures are com- 
plex. The history of hypertension research 
is cluttered with false leads. One needs to be 
-autious, and, although Read’s work cer- 
tainly suggests that methionine is metabol- 
ically related to a hypertensive compound, 
his work is far from proving that such a 
compound is the causative agent of renal 
hypertension. It is interesting that the au- 
thor found no real difference whether he 
incubated normal or hypertensive kidney 
homogenates. This raises doubts about the 
etiologic importance of a compound pro- 
ducible from either source, though it does 
not in itself vitiate Read’s conclusions. How- 
ever, the possible mechanisms are scarcely 
suggested by the evidence so far. 

Summary: Homogenates of normal or 
hypertensive rat kidney, when incubated 
with a mixture containing four amino acids 
and betaine, produced increased arterial 
pressure on injection into rats. None of 
these compounds, alone or in other com- 
bination, was effective, but methionine 
sulphoxide could be substituted for methi- 


mainly 
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onine in the mixture and it was effective 


alone in the substrate. The importance of 
the work lies in the possibility that derange- 
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ment of renal metabolism of an amino acid 
may be causally related to renal hyperten- 
sion. 


¢ 


DIETARY PEANUT OIL IN CHICKS 


In view of the many recent studies con- 
cerning the influence of different fats in the 
diet on serum cholesterol and the develop- 
ment of atherosclerosis (I. H. Ahrens, Jr., 
D. H. Blankenhorn and T. T. Tsaltas, Proc. 
Soc. Exp. Biol. Med. 86, 872 (1954); Ahrens, 
Tsaltas, J. Hirsch and W. Insull, Jr., J. 
Clin. Invest. 34, 918 (1955); L. W. Kinsell, 
et al., J. Clin. Endocrinol. and Metab. 12, 
909 (1952); Nutrition Reviews 14, 327 (1956)) 
it is important to observe the effect of spe- 
cific fat foods on deposition of cholesterol 
and other lipids in various organs. 

H. Dam, G. Kristensen, G. K. Nielsen, I. 
Prange and EK. Sondergaard (Acta physiol. 
Scandinav. 26, 319 (1956)) have carried out 
such a study in chicks using diets containing 
varying amounts of peanut oil and choles- 
terol. Chicks were maintained on a “‘normal 
diet” from hatching until the fourteenth day 
and were then divided into 16 groups of 
nine each. The composition of the diets into 
which the various levels of peanut oil and 
cholesterol were incorporated was regarded 
as fat free (actually the diets contained 0.24 
per cent of fat originating from the crude 
casein used). Levels of peanut oil (21.8 per 
cent dienoic, no trienoic acid) added to the 
diets were 0, 3, 10 and 20 per cent. Levels of 
cholesterol were 0, 0.1, 0.3, and 1.0 per cent 
of the total diet. Vitamins A and D were 
given in filtrol-treated peanut oil, one drop 
twice a week per chick. These diets were 
administered for four weeks. At the end of 
the feeding period the chicks were killed 
and samples of liver, subcutaneous adipose 
tissue, spleen, heart, lungs, brain and aorta 
were obtained for lipid analysis. 

The addition of peanut oil without choles- 
terol failed to result in increases of choles- 
terol in any of the organs examined. With 
combined cholesterol and peanut oil feeding, 


it was found that the cholesterol content of 
the liver increased to the highest values. 
In the absence of dietary cholesterol, how- 
ever, feeding of the fat free diets resulted in 
a higher degree of deposition of cholesterol 
in the liver than when the diets contained 
3, 10 or 20 per cent peanut oil. Adipose tissue 
was much less influenced by the combined 
lipids than was the liver, but diets with 1.0 
per cent of cholesterol and 10 or 20 per cent 
of peanut oil caused a marked increase of 
cholesterol in the fatty tissue. In the spleen, 
heart and aorta, 0.3 and 1.0 per cent of 
cholesterol in the diet caused definite in- 
creases of deposited cholesterol, the in- 
creases becoming somewhat larger as the 
level of peanut oil was increased to 10 per 
cent. The cholesterol level of the lungs was 
influenced less than was the case for the 
other tissues, and no change whatsoever was 
detected in the brain. This latter finding 
agrees with that of I. H. Page and W. 
Menschick (J. Biol. Chem. 97, 359 (1932)) 
who found negligible changes in brain cho- 
lesterol content following the feeding of 
cholesterol. 

Dam, et al., (loc. cit.) also looked for 
changes in the distribution of polyenoic 
acids in the various tissues. It was observed 
that variations of the dietary cholesterol 
seemed to have no influence on the poly- 
enoic acid distribution. However, with in- 
creasing amounts of dietary peanut oil, 
tetraenoic acid increased in liver, heart and 
lungs, whereas trienoic acid decreased. The 
small amounts of pentaenoic and hexaenoic 
acids present showed almost no variation. 
In brain, dienoic acid remained almost con- 
stant and nearly zero, whereas the trienoic 
acid increased. Tetra-, penta- and hexaenoic 
acids remained constant in 
Dienoic acids increased in 


concentration. 
adipose tissue 
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following peanut oil feeding, whereas all 
the other polyenoic acids remained at a low 
level. 

The authors point out that the increase 
in levels of tetraenoic acid following the feed- 
ing of dienoic acid is in agreement with the 
experience of other investigators (e.g. C. 
Widmer, Jr. and R. T. Holman, Arch. 
Biochem. 25, 1 (1950)). The decrease in 
concentrations of trienoic acids after feeding 
of dienoic acids also seems to be quite a 
general phenomenon. A similar decrease of 
the trienoic acid concentration in heart 
muscle (after administration of corn oil to 
rats) was observed by I. G. Rieckehoff, 
Holman and G. O. Burr (Ibid. 20, 331 
(1949)). The authors advance the notion 
that disappearance of trienoic acid from 
tissues after feeding of peanut oil might be 
related to the “sparking effect” of linoleic 
acid on linolenic acid proposed by 8. M. 
xreenberg et al. (J. Nutrition 41, 473 (1950)) 
after noting that there seemed to be an in- 
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crease in the rate of utilization of linolenic 
acid when a small amount of linoleic acid 
was fed. That this is probably not the case 
can be deduced first from the knowledge 
that the trienoic acid in question is not 
likely to be linolenic (J. F. Mead and W. H. 
Slaton, Jr., J. Biol. Chem. 219, 705 (1956)) 
and second, that the so called “sparking’’ 
effect is probably merely protection of the 
readily oxidized linoleic acid in the gut by 
the linolenic acid fed simultaneously (Nutri- 
tion Reviews 14, 54 (1956)). 

Finally, although it might be assumed that 
the cholesterol content of the aorta reflected 
the cholesterol content of the blood, it is 
unfortunate that determinations were not 
carried out on the latter tissue. Considerable 
controversy is certain to arise because of the 
great current interest in the relation of cho- 
lesterol in the serum to that of various 
organs and especially of the circulatory 
system. 


EFFECT OF DIGITALIS ON POTASSIUM DEFICIENCY HEART LESIONS 


Dietary potassium deficiency in the rat 
produces areas of necrosis in the heart 
muscle, according to experiments reported 
by G. A. Schrader, C. O. Prickett and W. D. 
Salmon (J. Nutrition 14, 85 (1937)). In fact 
this deficiency results in a diminution of 
potassium content, not only in the myo- 


cardium but in skeletal muscle as _ well. 
Recent studies have attempted to relate 
potassium’s effect on cardiac muscle with 
the effect of digitalis. 

The value of digitalis in the abolition of 
heart failure has led to numerous studies of 
its mechanism of action. Although numerous 
effects on the cardiovascular system can be 
ascribed to digitalis derivatives, the direct 
stimulation of cardiac muscle resulting in 
an increased force of contraction may be of 
primary significance in the correction of 
heart failure. The possibility that the failing 
heart might be potassium deficient and that 
digitalis might play a role in increasing the 


amount of potassium available to the heart 
has resulted in several investigations of the 
effect of digitalis on the potassium content 
of myocardium. 

These studies cover a broad range of doses 
(from therapeutic to toxic) and diverse ex- 
perimental situations, such as isolated strips 
of heart muscle, heart-lung preparations, 
intact laboratory animals and human nec- 
ropsy specimens. For example J. A. Calhoun 
and T. R. Harrison (J. Clin. Invest. 10, 139 
(1931)) observed that toxic doses of digitalis 
decreased the potassium content of heart 
muscle in the intact dog. More recently 
M. L. Orabona and G. Manganelli (Boll. 
soc. ital. biol. sper. 30, 10 (1954)) noted 
significant reduction in the potassium con- 
tent of thigh muscle, myocardium and liver 
of rats after intraperitoneal injection of digi- 
toxin or as a result of fatigue from forced 
swimming. N. E. Clarke and R. E. Mosher 
(Circulation 5, 907 (1952)) compared the 
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potassium and sodium contents of the hearts 
of patients dying with no cardiovascular 
pathology with those of patients having « 
clinical diagnosis of heart failure. This latter 
group included five patients who had re- 
ceived digitalis treatment. Samples for anal- 
ysis were taken from the right auricle and 
ventricle, the septum and the base and apex 
of the left ventricle. In all portions of the 
heart muscle the cardiac patients showed an 
increase in sodium and a decrease in potas- 
sium as compared with the normal individ- 
uals. The administration of digitalis was 
associated with elevation of potassium levels 
and diminution of sodium to concentrations 
approaching the normal. 

J. G. Robinson, J. E. Edwards, G. M. 
Higgins and H. B. Burchell, (Arch. Path. 
64, 228 (1957)) have investigated the in- 
fluence of digitalis derivatives on the in- 
cidence of myocardial lesions occurring in 
the rat as a result of potassium deficiency. 
Included in the report were electrocardio- 
graphic studies and determinations of so- 
dium and potassium in the heart muscle of 
potassium deficient and normal rats, as well 
as a search for evidence of potassium de- 
ficiency lesions in hearts of patients dying 
of idiopathic chronic ulcerative colitis. 

Weanling male albino rats were divided 
into four groups: Group A received the con- 
trol diet and different doses of digitalis 
glycosides; Group B received the control 
diet only; Group C received the potassium- 
deficient diet, and Group D received the 
potassium-deficient diet and different doses 
of digitalis glycosides. Either digoxin or 
digitoxin was used and the doses given were 
multiples of the mean lethal doses for cats. 
Injections were made either subcutaneously 
or intraperitoneally. The animals were killed 
at intervals and the hearts were sectioned 
into two equal parts each of which included 
the walls and septa of atria and ventricles. 
The anterior half was used for the determina- 
tion of the presence of myocardial lesions 
while the posterior half was added to a pool 
for analysis for sodium and potassium con- 
centrations. 


REVIEWS 91 
In experiment la, control group A and 
potassium-deficient group D received 2 cat 
units (0.46 mg. per kilogram of body weight) 
of digoxin per day for 15 days. One hundred 
per cent of the digoxin-treated, potassium- 
deficient rats showed heart lesions and 71 
per cent of the untreated, potassium-de- 
ficient rats had heart lesions. In experiment 
1b the dose of digoxin was increased to 4 cat 
units daily for nine days. The treated and 
untreated deficient animals both 
lesions in 45 per cent of the cases. 

In experiment 2 the animals of groups 
A and D received 2 cat units of digoxin 
daily for 12 days. The incidence of heart 
lesions was 86 per cent in the untreated, 
potassium-deficient group and 88 per cent 
in the digoxin-treated, potassium-deficient 
animals. Since there was no definite effect 
of digoxin on the development of heart 
lesions in the first two experiments, the 
third experiment was designed to determine 
the effects of larger doses. Only potassium- 
deficient rats were used, being fed the diet 
for ten days while being injected with 6, 8, 
10, or 12 cat units of digoxin, except for the 
last two days when digitoxin was substi- 
tuted. Lesions were seen in 22 per cent of 
the animals getting 6 cat units per day, in 
50 per cent of those getting 8 cat units per 
day, 75 per cent of those getting 10 cat 
units and 50 per cent of those getting 12 
‘at units. In experiment 4 of seven days 
duration, the rats of control group A were 
injected with 2 cat units (0.65 mg. per kilo- 
gram of body weight) of digitoxin per day 
while those in the potassium-deficient group 
D received either 2 or 4 cat units. Of the 
potassium-deficient, untreated rats, 20 per 
cent had lesions. None that received 2 cat 
units, and 8 per cent that received 4 cat 
units, showed lesions. 

Analysis of the various heart specimens 
revealed a significant decrease in the potas- 
sium content of the heart muscle on the 
potassium-deficient diet and a noticeable 
increase in sodium level. The digitalis- 
treated control animals as well as the digi- 
talis-treated, potassium-deficient animals, 


showed 
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showed a small but significant decrease in 
potassium content compared with the cor- 
responding groups not receiving digitalis. 
The differences in sodium were not sig- 
nificant. 
Electrocardiograms recorded both 
digitoxin-treated and untreated potassium- 
deficient rats showed no significant varia- 
tions from similarly treated control rats. 
The findings of Clarke and Mosher (Cir- 
culation 5, 907 (1952)), that the potassium 
concentration increased in non-toxic, dig- 
italized human hearts, differs from the re- 
port of Calhoun and Harrison (J. Clin. 
Invest. 10, 139 (1931)), who showed that 
toxic doses of digitalis decreased myocardial 


on 
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potassium in the dog. Under the conditions 
employed by Robinson et al. (Arch. Path. 
64, 228 (1957)) there was neither protection 
from the potassium deficiency effect on the 
heart nor an increase in the effect as a result 
of the digitalis treatment. The fact that 
small decreases in myocardial potassium 
were associated with the digitalis treatment 
suggests that there was an effect from the 
drug. On the other hand in the seven day 
experiment there appeared to be some pro- 
tection afforded by digitalis in delaying the 
production of potassium deficiency lesions. 
Further experiments are needed to resolve 
the seeming paradox and determine the role 
of digitalis in the alleviation of heart failure. 


MAST CELLS AND CALCIUM DEFICIENCY 


Mast cells deseribed by P. Ehrlich (Arch. 
mikr. Anat. 18, 263 (1877)) were given this 
name (which means ‘‘stuffed” cells) because 
they appeared to be overnourished connec- 
tive tissue elements. The granules of these 
cells show a characteristic blue staining with 
basie dyes such as toluidine blue. Presump- 
tive as well as direct evidence has been 
accumulated which indicates that mast cells 
produce heparin, histamine, and serotonin 
(5-hydroxytryptamine). These mesenchy- 
mal cells may therefore be regarded as uni- 
cellular endocrines which react in times of 
stress or injury. They are commonly located 
in the loose reticular adventitia of small 
blood vessels and in similar tissues under- 
lying epithelial, serous, and synovial mem- 
branes. 

During their study of the effect of a low 
‘alcium diet on the growth and repair of 
bone, M. R. Urist and F.C. MeLean (Arch. 
Path. 63, 239 (1957)) discovered mast cells 
in the bones which they demonstrated with 
the hematoxylin-eosin-azure II stain. This 
stain imparts a brilliant water-insoluble 
purple color to the granules in the cyto- 
plasm of the mast cell which is not seen 
using ordinary staining techniques. Wean- 
ling white Wistar rats, 21 days old, were 


fed a rachitogenic diet containing 79 per 


cent corn meal, 20 per cent gluten and one 
per cent sodium chloride modified by the 
addition of potassium phosphate to furnish 
one per cent of phosphorus. This ration, 
known as Shohl’s diet E (A. T. Shohl and 
8. B. Wolbach, J. Nutrition 11, 275 (1936)), 
is deficient both in vitamin D and calcium 
and is inadequate for growth and calcifica- 
tion. 

In addition (bone 
atrophy) and (2) a form of rickets resulting 
from the deficiency of calcium and vitamin 
D, there appeared (3) osteitis fibrosa, which 
was the result of a secondarily increased 
activity of the parathyroids. The usual effect 
of this diet is to reduce the serum calcium 
concentration and bone ash content without 


to (1) osteoporosis 


affecting the concentration of serum phos- 
phorus. 

Rats were kept on the experimental diets 
from two to 105 days. In 145 rats a closed 
fracture of tibia was produced and 55 rats 
were kept as controls which were fed either 
the rachitogenic or the adequate diet. Ani- 
mals were killed at three day intervals dur- 
ing healing. Other rats with and without 
fractures were fed a stock diet of Fox Chow 
for comparison. Bones were sectioned with- 
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with the soft 
mast cell counts could be 


out decalcifying and 


attached so that 


parts 


made in muscle, fascia and synovial mem- 
brane. The low calcium diet produced almost 
complete arrest of growth at seven weeks of 
age. The animals fed the stock ration did 
not plateau in their rate of growth until 12 
to 14 weeks of age. The stunting of growth 
in the calcium deficient rats was such that 
the animals weighing 25 g. at 21 days also 
weighed 25 g. at 63 days. They were limited 
in the growth of many other tissues in addi- 
tion to the skeleton even though they con- 
sumed large quantities of diet. 

Mast cells numbering 5 to 10 per high 
power field were seen, after three weeks on 
the calcium deficient diet, on the outer sur- 
face of the trabeculae near the layer of 
osteoblasts. After four weeks as many as 25 
mast cells were seen per high power field 
lying between connective tissue cells and 
around blood vessels in the region of the 
osteoblasts. From 50 to 200 mast cells per 
field were seen after six to 15 weeks located 
near the endosteum, the deep blue staining 
granules completely filling the cytoplasm of 
the cells. There was no apparent change in 
the mast cell population of other tissues 
such as mesentery, muscle, or synovial mem- 
brane either preceding or accompanying the 
increase seen in the endosteum. The primary 
marrow cavity of the same bone also showed 
the normal number of mast cells. The in- 
crease seen in cancellous bone appeared to 
follow the increase in the endosteum. Al- 
though there were also large clusters of 
mast cells localized in connective tissue near 
small blood vessels, away from the skeleton, 
the random distribution of clusters and num- 
bers in muscle and fascial planes made it 
difficult to tell whether there were any real 
increases in soft tissues. 

The serum calcium of stock diet rats aver- 
aged 2.5 millimoles per liter with a phos- 
phorus value of 2.3 millimoles per liter. In 
comparison the calcium deficient diet re- 
sulted in serum calcium values between 1.26 
and 1.63 millimoles per liter while the phos- 
phorus values were essentially normal, rang- 
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ing between 2.04 and 3.21 millimoles per 
liter. As a result of this dietary regimen a 
effect of rickets atrophy 
(osteoporosis) developed. Calcification did 


combined and 
not keep pace with growth of cartilage but 
continued at a slow rate. 

After two weeks the rats on Shohl’s diet FE 
showed a thickened epiphyseal plate and 
only partially calcified trabeculae coated 
with osteoid. After three to four weeks the 
osteoblasts regressed from a normal polyg- 
onal to a resting spindle shape and osteo- 
clasts became more numerous. Trabeculae 
became fewer and smaller and fibrous tissue 
replaced the normal marrow in the spongy 
bone. At about four weeks mast cells ap- 
peared in this fibrous tissue around the 
vessels, in the cords of the marrow and in 
six to eight weeks inside, as well as on the 
surface, of the endosteum. The atrophied 
spongiosa showed the most extreme change. 
The mast cells appeared to be formed from 
voung undifferentiated connective tissue 
cells possibly migrating from the marrow 
to the endosteum. Rickets produced by 
phosphorus deficiency or by feeding stron- 


tium or beryllium was not accompanied by 


the appearance of mast cells near bone tissue. 

Treatment of the calcium deficiency using 
vitamin D for three to seven days resulted 
in dramatic changes: (1) the newly vascu- 
larized rachitic metaphysis was absorbed; 
(2) a new zone of provisional calcification 
developed in the epiphyseal cartilage; (3) 
osteoid and bone trabeculae were absorbed 
along with mast cells whose granules became 
less dense, fewer in number, and smaller; 
(4) hematopoiesis reappeared. 

Injection of parathyroid hormone in con- 
trast to vitamin D did not correct the rickets. 
Instead a small band of calcium was laid 
down across the epiphyseal plate and fibrous 
tissue developed in the place of spongy bone. 
As many mast cells were seen as in untreated 
rats. Parenteral administration of tenth 
molar calcium chloride or neutral sodium 
phosphate solutions did not alter the num- 
ber or distribution of mast cells or influence 
the rachitic process. Examination of healing 
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fractures of the calcium deficient rats re- 
vealed the strong possibility that mast cells, 
in addition to bone marrow and bone tissue, 
had a common origin in the immature con- 
nective tissue cells lying around the vessels 
in the fracture area or callus. When the callus 
was growing rapidly there were no mast 
cells either in bone forming tissue or fibrous 
cartilage, but they were seen in increasing 
numbers in the endosteum and marrow of 
mature bone ranging from none to two per 
high power field at 14 days to 50 to 200 at 
42 days. As the fracture callus grew older 
hematopoietic marrow could be seen be- 
tween the trabeculae. The osteoblasts or 
bone forming cells reverted to the fusiform 
connective tissue cells and 50 to 200 mast 
cells per high power field were evident. 
The possibility that inflammation due to 
the fracture was responsible for the cluster- 
ing of mast cells was eliminated when com- 
parison with the unfractured opposite tibia 
showed the same large numbers of mast 
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cells. In addition to the possible perivascular 
origin of the mast cells localizing in the endos- 
teum two other sources were considered. 
First, that the mast cells migrated from the 
marrow in response to altered metabolism 
in the loose connective tissue, or, second, 
that mast cells were formed in the endos- 
teum as a result of changed metabolism of 
bone itself. The presence of alkaline phos- 
phatase in mast cells could conceivably be 
related to their presence in the endosteum 
in the calcium deficient rats. 

The changes observed in these experi- 
ments must be considered as resulting from 
deficiency of vitamin D, calcium deficiency, 
or secondary hyperparathyroidism, or all 
three. Protein deficiency may also have 
contributed to the phenomena. Further in- 
vestigations would be valuable in deter- 
mining whether osteoporosis alone can pro- 
duce endosteal mast cell proliferation, or 
whether rickets or hyperparathyroidism are 
also necessary. 


NOTES 


The Fourth International Congress of 
Nutrition: A Report 


An estimated 1000 individuals were gath- 
ered in Paris, France, this summer for the 
Fourth International Congress of Nutrition. 
This was the largest and most successful of 
these meetings, promising an increased in- 
terest and success for future congresses. The 
Fifth Congress has been scheduled for Wash- 
ington, D. C., in 1960. 

The meetings were divided into six sec- 
tional groups to expedite the large number 
of reports. Highlighting each sectional meet- 
ing was an hour-long presentation. Since 
space does not permit a complete discussion 
of the many interesting papers, we shall 
restrict our brief comments to some of these 
major papers. 

Knut Breirem, of Norway, was of the 
opinion that a diet high in milk contributes 


little to the increased intake of fat in Nor- 
way and England. He argued that in many 
Western countries the increase in total fat 
intake in recent years is mainly due to an 
increased consumption of vegetable fats. 
P. Gyérgy of Philadelphia, emphasized the 
need for more research with ‘germ-free’ 
animals in studying the intestinal flora and 
evaluating the action of antibiotics. M. 
Coppo, of Italy, showed that nutrition re- 
quirements change with age and that future 
research should recognize this problem. In 
discussing the role of nutrition during gesta- 
tion, H. W. Koslerlitz of the United King- 
dom, reviewed evidence that in animal stud- 
ies adequate nutrition of the mother is most 
essential in the early stages and is less so in 
the latter stages of gestation. M. Roche, of 
France, showed that the sex hormones play 
a more important role in the intermediary 


metabolism of nutrients than heretofore 
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realized. H. M. Sinclair of England brought 
attention to the importance of the essential 
fatty acids in some of the diseases that 
plague our society. 

The wide range of subjects brought under 
discussion by the participants is evident 
ever from these few remarks. For those in- 
terested, abstracts of the approximately 300 
reports have been published in two volumes 
(Extrait des annales de la nutrition et de 
V’alimentation, 1957, XI, No’s 3-4; et Résu- 
més des communications. Service des pub- 
lications du C.N.R.S. 13, quai Anatole- 
France, Paris (7*)). 


Inositol Requirement of Isolated Human 
Cells 


Although inositol is widely distributed in 
the phospholipids of human tissues, there 
have been no reports of clear-cut deficiency 
signs in man. The requirement for this vita- 
min by experimental animals is complicated 
by the fact that deficiency signs are elicited 
only when the animals are fed specially de- 
signed diets containing abnormal propor- 
tions of certain nutrients. The actual desig- 
nation of inositol as a vitamin has been 
questioned. 

The question of the inositol requirement 
by human cells has been answered by the 
tissue culture technique (H. Eagle, V. I. 
Oyama, M. Levy and A. E, Freeman, J. 
Biol. Chem. 226, 191 (1957)). Eighteen differ- 
ent human cell strains were grown on a semi- 
synthetic medium containing amino acids, 
vitamins, salts, glucose and dialyzed serum 
(Nutrition Reviews 14, 89 (1956)). Both nor- 
mal and malignant cells were employed and 
they were derived from a variety of human 
tissue including liver, intestine and bone 
marrow. 

When these cells were cultured in a me- 
dium devoid of inositol, growth ceased after 
a few days and the cells eventually died. The: 
addition of 10-6M myo-inositol (meso-inosi- 
tol) permitted uniform cell growth through- 
out the eight-week experimental period. 
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During this time the cell protein content 
increased over 50,000,000-fold. 

None of the isomers of myo-inositol was 
active, which is in agreement with animal 
experiments. 

These experiments show quite definitely 
that human cells require inositol. Whether 
this requirement is only for the synthesis of 
phospholipid or the vitamin serves some 
catalytic function in the cell, remains to be 
answered. Since a variety of human tissues 


was studied and none was capable of syn- 
thesizing inositol, it would appear that this 
vitamin must either be supplied in the diet 
of man or be synthesized in the body. 


Prevention of Pancreatic Fat Necrosis By 
Dextran 


H. L. Popper and H. Necheles (Surg. Gy- 
nec. Obstet. 106, 103 (1957)) have investi- 
gated methods of prevention of surgically 
induced pancreatic fat necrosis in dogs. Un- 
til recently, they had found only two 
substances which, when administered intra- 
peritoneally, decreased significantly the inci- 
dence and mortality resulting from this ex- 
perimentally induced abdominal fat necrosis. 
These substances are sodium formaldehyde 
sulfoxylate and quinine, both of which are 
lipase inhibitors. 

Recently Popper and Necheles carried out 
experiments designed to study the effects on 
pancreatic secretions of different intravenous 
solutions and drugs used in the treatment of 
shock, their object being to attempt to avoid 
those substances which stimulate pancreatic 
secretions when treating shock due to acute 
pancreatitis. During the course of that 
study, intravenously administered dextran 
was found to produce a marked and long 
lasting inhibition of pancreatic secretion 
stimulated by secretin. Once this effect was 
observed they decided to test its action in 
experimental pancreatic fat necrosis. 

The results in prevention of the fat necrosis 
and mortality were better than any ob- 
tained previously. The authors discuss the 
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possible value in the preferential use of 
dextran in surgical operations performed in 
the vicinity of the pancreas, and during the 
management of acute pancreatitis. 


Letter to the Editor 
Sir: 

A critical review entitled ‘Niacin and 
Blood Cholesterol” in your Journal of May, 
1957 deals with two of our publications and 
contains some error in reporting. 

The rabbit experiments credited to 
Altschul, Hoffer and Stephen (1955) were the 
responsibility of, and published by, Altschul 
in 1956. The reviewer incorrectly states that 
Altschul did not give the dose of niacin that 
was used in these rabbit studies. On page 575 
lines 1 and 2, it is clearly stated that the 
rabbits were given for 90 days daily, by 
mouth, niacin in capsules each containing 
0.45 g. in 15 cases and 0.36 g. in two cases. 

Data regarding atheromatous _ lesions 
which according to the reviewer ‘‘should be 
made available to permit a critical evalua- 
tion of their significance” are in our opinion 
given in reasonable detail for those scientists 
who are acquainted with the pathological 
aspect of experimental atherosclerosis in 
rabbits. That nine out of 17 animals re- 
mained entirely normal and that only two 
showed the severe lesions commonly en- 
countered in experimental atherosclerosis of 
rabbits should be sufficient proof for the 
influence of niacin. 

The data reported by Altschul, Hoffer and 
Stephen have been reported incorrectly. The 
entire group of 43 cases and not only 34 as 
the reviewer points out with a mean cho- 
lesterol level of 203 mg. per 100 ml. showed a 
6.4 per cent decrease. The entire group of 
25 cases with a mean level of 284 and not 
only 24 cases referred to by the reviewer 
showed a decrease of 21.74 per cent. 

The fourth paragraph is quite out of con- 
text. The percentage decrease in the three- 
hour group (N = 35) was much greater than 
in the twenty four hour group because the 
mean initial levels were quite different. The 
24-hour group had a mean initial value of 
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204 and 221 mg./100 ml. whereas the other 
group had a mean value initially of 250 mg./ 
100 ml. This seems to account for the differ- 
erence in response but this has been over- 
looked in the review. 

The reviewer raises the question of a psy- 
chogenic effect. Of 
course, this can not have played a role in the 
rabbit experiments. In our human subjects, 


hypocholesterolemic 


a placebo effect can be ruled out since none 
of the subjects knew what response was to be 
expected. 

The reviewers advice to use nitrites as a 
control for niacin experiments would be 
sound if one could assume that nitrites and 
niacin affect identical vascular beds and that 
other effects, e.g. that of nitrites on respira- 
tion or the biliary tract and on the nervous 
system are, also elicited by niacin. There is 
no basis for this assumption and therefore 
we do not feel that control experiments with 
nitrites would supply an answer. 

Rvupo.ir ALTSCHUL 

‘ ABRAM Horrer 
University of Saskatchewan 
Saskatoon, Canada. 


Recent Nutrition Books 


A History of Nutrition. E. V. McCollum. The 
sequence of ideas in nutrition investiga- 
tions from the mid-eighteeneth century to 
1940. Houghton Mifflin Co., Boston. 1957. 
Pp. 451. $6.00. 


Study of the Dietary Background and Nutri- 
ture of the Navajo Indian. A reprint from 
The Journal of Nutrition, vol. 60, suppl. 2, 
Nov. 1956. pp. 85. Published by the Wis- 
tar Institute of Anatomy and Biology. 
Philadelphia. 

The Physiology and Biochemistry of Lacta- 
tion. S. J. Folley, D.Se., Ph.D., F.R.S. 
(National Institute for Research in Dairy- 
ing, Shinfield, Berkshire). Published by 
Charles C. Thomas, Springfield, Illinois. 
Pp. 136. $3.75. 

Practical Nutrition. Alice B. Peyton, BS., 
MS., J. B. Lippincott Co., Philadelphia. 
Pp. 367 $3.60. 
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